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GEOLOGY OF THE PITCHBLENDE ORES OF COLORADO. 



By Edson S. Bastin. 



The large amount of public interest that has recently been manifested in radium because 
of the apparent cures of cancer effected by certain of its emanations makes it desirable to place 
before the public as promptly as possible all available information in regard to the occurrence 
of the minerals from which radiimi may be derived. The following account of the mode of 
occurrence of pitchblende at Quartz Hill, in Gilpin County, Colo., is therefore published in ad- 
vance of a much larger report on the same region in which many other types of ore deposits 
will be considered. The field studies were made in the fall of 1912. As the geologic relations 
at Quartz Hill differ in important particulars from those at foreign localities, a simimary of 
the genetically important features of the principal European occurrences is included for pur- 
poses of comparison. My thanks are due to Mr. Frank L. Hess, of the Geological Survey, for 
generously placing at my disposal additional specimens for study. 

SOURCBS OF URANIUM IN THE UNITED STATES. 

The quantity of uraniimi ore mined in the United States is exceedingly small and in 1913 
appears to have been equivalent to about 38 short tons of uranium oxide (Ufi^, or approxi- 
mately 32 tons of metallic uranium.* This is considerably larger than the production in 1912, 
which was equivalent to about 26 short tons of uranium oxide, or in 1911, which was equivalent 
to about 25 short tons. Practically the entire production of 1911 and 1912 and about half that 
of 1913 went to foreign countries. Of this tonnage nearly all came from sandstones of the high 
plateau regions of southwestern Colorado and southeastern Utah, in which the uranium occurs 
disseminated as the canary-yellow mineral camotite (2UOj.V3O5.K2O.xH3O) or its calcium- 
bearing equivalent tjuyamunite (2UOj.V3O5.CaO.xH3O). The small remaining portion of 
uranimn ore mined in the United States, amounting in 1912 to only 275 pounds, was uraninite, 
or pitchblende, a complex uranate of variable composition to which a definite chemical formula 
can not yet be assigned. This mineral occurs in two distinct ways — in small amounts in 
granite pegmatites, notably in North Carolina, and in intimate association with metallic 
sulphides in certain mineral veins of Quartz Hill, near Central City, Gilpin County, Colo. 
The mines from which pitchblende has been obtained are all located on Quartz Hill and 
include the Calhoun, Wood, Kirk, German, Belcher, and Alps mines. For many years a small 
and sporadic production has come from this group and has been used mainly for specimens and 
for experiments. Quartz EQll is not only the one important locahty in the United States where 
pitchblende occurs in mineral veins but one of the few in the world. 

PRINCIPAIi FOREIGN OCCURRENCES OF PITCHBLENDE. 

In preparing the following sununary of the principal foreign occurrences, the writer has so 
far as possible consulted original sources. The chief localities outside of the United States at 
which pitchblende has been found in mineral veins are the western part of the Erzgebirge, near 
the Grerman- Austrian boundary, and the Cornwall district in Englend. A brief summary of the 
geologic occurrence of uraniiun minerals is also given in a recent article by P. Krusch.' 

1 Hess, F. L., Preliminary statement of the production of uranium and vanadium: U. B. Geol. Sun^ey Press Bulletin, January, 1914. 
> t^ber die nutzbaren Radlum-Lagerst&tten und die Zukunft des Badium-Marktes: Zeltscbr. prakt. Geologie, vol. 19, pp. 83-90, 1911. 
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THB BBZGEBIBaB. 

Types of deposits. — ^Muller* recognized in and near the granite batholiths of the western 
Erzgebirge in Bohemia and Saxony four types of ore deposits, which he classified as follows : 

A. Older ore-fonning period: 

1. Veins of the tin type. 

2. Veins of the pyritic lead-zinc tyj^. 

B. Younger ore-forming period: 

3. Veins of the cobalt-silver type. 

4. Veins of the iron and manganese type. 

Deposits of types 1 and 2 are connected by transitions. The tin ores are confined to the 
granite and its immediate vicinity, while the pyritic lead-zinc veins are a little farther removed 
from the granite batholiths. The veins of types 3 and 4 are later than those of types 1 and 2. 

At Joachimsthal, in Bohemia, and at Schneeberg, Annaberg, and Johanngeorgenstadt, 
across the border in Saxony, the veins of principal economic importance belong to MuUer's 
cobalt-silver type (No. 3). It is with the veins of this type that the pitchblende is characteris- 
tically and exclusively associated. 

Joachimsihal, Bohemia. — ^According to St§p and Becke ^ the ores of the cobalt-silver type 
in the Joachimsthal district may be further subdivided into two classes — cobalt-nickel-arsenic 
ores and rich silver ores. In my opinion the ores of the first class represent the primary ore depo- 
sition, and those of the second class are in all probability the result of sulphide enrichment 
acting on the primary ore. The pitchblende, with its accompanying gangue minerals, quartz 
and dolomite, has rarely been observed in actual contact either with the rich silver ores or with 
the cobaltr-nickel-arsenic ores. Usually the uraniimi and its gangue minerals have as metallic 
associates only variable amounts of pyrite and chalcopyrite, which appear to be in part earlier 
and in part later than the pitchblende. In a few places, however, the pitchblende, quartz, and 
dolomite coat ore containing cobalt or nickel minerals (smaltite, chloanthite, or niccolite), and 
therefore apparently are later than those minerals. The relation of the mraniimi ores to the 
rich silver ores can be inferred only from museum specimens in which ruby silver or proustite 
occurs in vugs in the pitchblende ore and in minute veinlets traversing it. It appears fairly 
well established, therefore, that the uranium ores of Joachimsthal were deposited somewhat 
later than the nickel-cobalt-arsenic ores but before the development of rich silver sulphides, 
which in these deposits were probably formed by enrichment due to the action of meteoric 
waters. The deposits are now controlled by the Austrian Government. 

Annaierg, Saxony. — In the Annaberg region also the cobalt-silver tjrpe of ore is economically 
the most important, and its veins in many places cut or even materially displace the earlier tin, 
copper, and pyritic lead-zinc veins. According to MuUer ' the pitchblende is characteristically 
though nowhere abundantly associated with the cobalt-silver type of veins. It usually forms 
compact spherulitic or grapelike masses, some of which have shell-like or concentric structure, 
as a coating on siderite and fluorspar. Rarely it forms layers as much as 7 centimeters thick. 

The primary minerals of the cobalt-nickel veins are, according to Muller, barite, fluorite, 
quartz, siderite, rammelsbergite (NiAs,), niccoUte, chloanthite, smaltite, native bismuth, tetra- 
hedrite, stibnite, chalcopyrite, pyrite, reddish sphalerite, and berthierite (FeS.SbaS,). The 
pitchblende, together with siderite, calcite, and some pyrite and chalcopyrite, is later than the 
cobalt-nickel group of minerals but earUer than the rich silver minerals whose origin, in my 
opinion, may be attributed with much probabiUty to downward enrichment. 

Johanngeorgenstadtj Saxony. — In the Johanngeorgenstadt district, which has been described 
by Viebig,* the most valuable uraniimi ores also belong genetically with Muller's cobalt-silver 
type, but they are characterized by an unusual abundance of native bismuth and bismuth 
compounds and are valuable mainly as a source of that metal and only subordinately for the 

1 Mflller, Hcrmaxm, Die Erzgange dee Annaberger Bergrevieres, Erlauterungen Eur Speclalkarte des KdnJgreichs Sachsen, p. 66, Letpdg, 1804. 

* SUp, Josef, and Becke, F., Das Vorkommen des Uranpecherzes eu St. Joachimsthal: K. Akad. Wiss. Sltzungsber., vol. 113, pp. 585-618, 
Wien, ig04. 

• HOller, Hcrmazm, op. cit , pp. 94, 08-100. 

« ViBbig, W., Die Silber-Wismutgfiiige von Johaxmgeorgonstadt in Erzgebirge: Zeitschr. prakt. Geologie, vol. 13, pp. 80-115, 1905. 
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nickel, cobalt, or silver they carry. The principal primary minerals of these vdns are arseno- 
pyrite, cobaltite, chloanthite, native bismuth, quartz, dolomite, siderite, calcite, andrarel}" 
barite and fluorite. The pitchblende is invariably associated with the veins of this type. It 
is in part disseminated and in part in solid crusts or bands some of which reach a thickness 
of 6 to 8 centimeters. Kidney-shaped and concentric forms are common. Characteristic 
metallic associates are fine-grained galena and chalcopyrite and native bismuth, small masses 
of these minerals being locally inclosed in the pitchblende ore. The conmion gangue mineral 
is an iron-manganese carbonate. In other parts of the Erzgebirge the pitchblende is irregularly 
distributed in nests, but in the Gottes Segen Spat mine, in this region, it occurs in considerable 
quantities and with much regularity. 

Schneeberg, Saxony. — In the Schneeberg district, according to Mflller,* pitchblende is a 
characteristic though not an abundant accompaniment of the cobalt>-8ilver type of veins. Its 
kidney-shaped or rounded shell-like masses are ordinarily associated with chalcopyrite, galena, 
and brown carbonate. MtUler regarded the pitchblende and its accompanying minerals as of 
slightly later formation than the primary cobalt and nickel minerals and earlier than the rich 
silver minerals. 

COBNWALL DISTRICT, ENGUkNI). 

In and near the granite batholiths of Cornwall occur not only tin and copper lodes but 
ako, usually at a greater distance from the granite, younger lodes of two types — (1) those con- 
taining uranium and nickel ores and (2) iron-manganese lodes.' In the vicinity of Bodmin, 
for example, there occur certain lodes containing arsenic and copper minerals and smaJler 
quantities of uranium, cobalt, and nickel ores. These lodes cross the tin and copper lodes 
that are the main mineral resources of the district and are therefore somewhat yoimger, although 
it is believed that all the lodes are genetically connected with the granitic intrusives of the 
region. 

In the St. Austle Consols mine, according to Williams,* uranium minerals have been found 
in certain small veins that cross the main tin-copper lode. The associates of the uranium 
minerals in the cross veins are locally copper ores but more conmaonly ores of nickel and cobalt. 
The mraniimi minerals also occur on the sides of the veins. 

At Dolcoath, according to Pearce,* pitchblende occurred "associated with native bismuth 
and arsenical cobalt in a matrix of red compact quartz and purple fluorspar." At South 
Tresavean it occurs with " kupf er-nickel, native silver, and rich argentiferous galena." "I 
beUeve," says Pearce, "in all the localities I have named, it was found in little veins crossing 
the lodes" (that is, the tin lodes). 

At the South Terras or Uranium mine, in Cornwall,* "The uranium lode * * * is 
said to vary in width from 3 to 5 feet, but the luranium ore is confined to a leader a few inches 
in width, consisting partly of pitchblende and calc and copper uranites with copper pyrites, 
mispickel, and galena, and small quantities of nickel, cobalt, and chromium ore in a veinstone 
of quartz and green garnet rock." 

PITCHBLENDE IN THE QUARTZ HILL DISTRICT, COLO. 

GENEBAL GBOLOGIC RELATIONS. 

The predominant rocks of Quartz Hill and neighboring parts of Gilpin Coimty are pre- 
Cambrian igneous and sedimentary rocks and Tertiary intrusive rocks in the form of dikes and 
stocks. 

The oldest pre-Cambrian rocks are those of the Idaho Springs formation, predominantly a 
quartz-mica schist, which is believed to be a metamorphosed sediment. This schist is intruded by 

I MQller, Hermaim, I>er Erzdistrikt Ton Schneeberg In Erxgebirgp, in B. von Cotta's Oangstudfen, vol. 3, pp. 129-138, IROO. 
s Vsuber, W. A. £., Barrow, Q., and MacAll<iter, D. A., The geology of Bodmin and St. Austell: Geol. Survey England and Wales Mem., 
Ezpl. Sheet 347, p. 134, IWX 

* Williams, R. H., Notice of the oceurrenoe of nickel and cobalt at St. Austle Consols mine, near St. Austle, Cornwall: Roy. Inst. Cornwall 
Thirty-ninth Ann. Rept., pp. 32-34, 1857. 

* Pearce, Richard, Note on pitchblende in Cornwall: Roy. Geol. Soc. Cornwall Trans., vol. 9, pp. 103, 104, 1875. 

* Cssher, W. A. E., Barrow, a., and MacAlister, D. A., op. cit., p. 157. 
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pre-Cambriau granites of at least two ages — an older granite that has been dynamometamor- 
phosed to a granite gneiss and a younger granite that has not been notably dynamometa- 
morphosed and is commonly massive. Granite pegmatite offshoots from both these granites are 
numerous and in places intrude the Idaho Springs formation so intimately as to produce an 
injection gneiss. Where the Idaho Springs formation lies near or is inclosed by considerable 
bodies of granite rock, it has commonly been contact-metamorphosed to a hornblende schist. 

All the pre-Cambrian rocks are intruded by dikes and stocks of monzonite porphyry and of 
bostonite porphyry (entirely orthoclase). These are believed to be of Tertiary age. 

The mineral veins of the vicinity are the result of combined fissure filling and replacement 
along a series of fractures characterized by easterly to northeasterly strikes and commonly 
by steep dips. The veins cut both the pre-Cambriau rocks and the Tertiary intrusives. On 
the basis of mineral composition they can be divided into two types, which may be designated 
the pyritic type and the lead-zinc type. They have been worked principally for their precious- 
metal content, though yielding also considerable amoimts of copper and lead. 

The principal primary minerals of the pyritic type are pyrite and quartz; chalcopyrite 
and tetrahedrite are almost invariably present in subordinate amounts, and enargite, fluorite^ 
and rhodochrosite occur here and there. The primary minerals commonly present in the 
veins of the lead-zinc type are galena, sphalerite, pyrite, chalcopyrite, quartz, and calcite. 
Some parts of the district are characterized solely by one or the other of these types of mineral- 
ization, but in many of the veins both types are present. In such veins it has been demonstrated 
by repeated exposures that the lead-zinc type is somewhat later than the pyritic type and that 
the minerals of the former commonly line vugs or fractures in those of the latter. It is beUeved, 
however, that the lead-zinc mineralization followed close upon the heels of the pyritic mineral- 
ization, and that the two types represent merely successive epochs in one great vein-forming 
period. Although the mineral veins cut the monzonite prophyry dikes and stocks, it is believed 
that both came from a common deep-seated source, the ore-bearing solutions following the 
monzonite intrusion after a short interval. 

Sulphide enrichment in the upper portions of many veins of the lead-zinc type has developed 
secondary silver minerals in considerable abundance, and such veins are known as "silver 
veins," their principal value being in that metal. 

PITCHBLENDE OBES. 

Although few opportunities were afforded for studying the richer pitchblende ores in place, 
because of suspension of mining at most of the mines, numerous specimens presented to the 
Survey by men interested in these mines were poHshed and studied under the reflecting micro- 
scope and foimd to show clearly the relations of the pitchblende to the sulphides which accom- 
pany it in the veins. 

In a nmnber of specimens it is evident that the pitchblende crystallized contemporaneously 
with chalcopyrite, pyrite, and probably gray quartz. A specimen from the Wood mine, obtained 
through the courtesy of Mr. W. C. Deidson, when polished and studied presented the appearance 
shown in Plate I. Some of the intergrown chalcopyrite and pitchblende show angular outlines, 
as indicated in Plate I, -4, but more commonly the pitchblende areas are ringUke in cross section 
with chalcopyrite occupying the center of the ring and inclosing it, as indicated in Plate I, B, 
Pyrite and gray quartz, apparently contemporaneous with the pitchblende and chalcopyrite, 
are present in small amounts. Specimens from the Wood and German mines in the mineral 
collections at the State Capitol in Denver show chalcopjnrite and pitchblende so intimately 
intergrown as to leave little doubt of their contemporaneous crystallization. In other speci- 
mens from the Wood mine botryoidal pitchblende has cores of pyrite and is in places fringed 
with pyrite, as shown in Plate II, B, To summarize, the manner in which the minerals are 
intergrown in several specimens shows conclusively that pitchblende crystallized contempo- 
ranecfusly with chalcopyrite and probably with minor amounts of pyrite and gray quartz. 

In other specimens the relations between pitchblende and sulpliides are entirely different. 
A specimen of rich ore from the CaUioun mine, obtained through the courtesy of Mr. Hugh C. 
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Brown, consists principally of pitchblende, but this mineral is sharply cut by veinlets one-eighth 
inch or less in size, composed of sphalerite, pyrite, and some galena. An enlarged vidw of some 
of the smaller veinlets as seen under the reflecting microscope is shown in Plate 11, A. Another 
specimen from this mine shows pitchblende in botryoidal forms fractured and traversed by 
minute veinlets consistmg predominantly of pyrite, chalcopyrite, and dark-gray quartz, but 
containing some galena and sphalerite. In the more shattered portions fragments of pitch- 
blende lie in a matrix of these sulphides. A specimen from the Calhoun mine, obtained from 
Mr. Percy R. Alsdorf, shows altered schist traversed across its foliation by a |-inch to -A^inch 
veinlet of pitchblende. A polished section shows that the pitchblende has in places been 
shattered and that fragments of it Ue in a matrix of galena, sphalerite, chalcopyrite, and gray 
quartz, while other parts are traversed by minute veinlets of galena. It is clear, therefore, 
that there has been some sulphide mineralization subsequent to the deposition of the pitch- 
blende. 

The pitchblende ores of Quartz Hill are believed to represent merely a local and unusual 
variation in the main sulphide mineralization of tins region-a variation of the same order as 
the occiUTence of enargite in a neighboring group of veins near South Willis Gulch. I found 
no evidence to support Rickard's opinion ^ that the pitchblende mineralization is genetically 
connected with the intrusion of the granitic rocks, whose age is pre-Cambrian; on the con- 
trary, I believe that, together with the sulphides that accompany them, they are genetically 
related to the Tertiary monzonite intrusives. 

The significance of the contrasting and apparently contradictory modes of association of 
the pitchblende with the sulphide minerals becomes apparent when it is recalled that the 
Central City district is in general characterized by two types of mineralization, an earlier 
pyritic mineralization axid a later lead-zinc mineralization. It is believed that the pitchblende 
was deposited during the earlier or pyritic mineralization, that it was afterward fractured, 
and that the fractmres thus formed were filled by sulphides of the later or lead-zinc mineral- 
izatioD. 

The general geologic relations and the absence of characteristic high-temperature minerals 
in the deposits of Quartz Hill, as well as in those of Cornwall and the Erzgebirge, indicate that 
the pitchblende was deposited under conditions of moderate temperature and pressure. Unlike 
the European pitchblende, however, the pitchblende of Quartz HiU is not associated with 
nickel and cobalt minerals, which so far as known have never be3n found in that region even in 
small quantities. Tlie occurrence of pitchblende in pegmatite as well as in mineral veins of 
the type here described shows that the mineral may also form under conditions of high 
temperature and pressure. 

iBickard, Forbes, Pitchblende from Quartz Hfll. Gflpin County, Colo.: Hln. and Eel. Press, June 7, 1913, pp. 851-«S6. 



EROSION AND SEDIMENTATION IN CHESAPEAKE BAY AROUND 

THE MOUTH OF CHOPTANK RIVER. 



By J. Fred. Hunter. 



INTRODUCTION. 

With the unfolding of geologic knowledge during the last century the processes of denudation, 
transportation of sediments, and sedimentation have become better understood, and to some 
extent their relative effects in bringing about the present configuration of the earth's surface 
have been determined. The nature of these processes has been studied in many parts of the 
globe, but owing to the large size of the units affected and the slowness of the processes there 
has been little opportimity to collect quantitative data. Indeed, the data available are very 
largely conjectural, their degree of accuracy being only that of good guessing. However, with 
the advcHt of accurate topographic and hydrographic surveys, the first steps toward actual 
measurements of some of the many interesting surficial changes that are in progress have been 
taken, and it only remains for time and additional observations to afford opportunities for 
comparison. Resurveys, particularly by the United States Coast and Geodetic Survey, of parts 
of the eastern coast of the United States at different intervals have shown in many places marked 
changes of both shore line cCnd sea bottom, as on Cape Cod, on Nantucket Island, and in Dela^ 
ware Bay. Comparisons of this kind have so far been incidental to work in engineering and 
coast surveying, so that there has been little opportunity for the selection of localities particu- 
larly adapted to studies of erosion and sedimentation. 

Chesapeake Bay, which is really a large tidal river, is favorable for such investigations, in 
that it has a drainage basin of moderate size and retains a large part of the sediments brought 
in from that basin by its tributary rivers. Moreover, this bay, since the memorable explorations 
of Capt. John*Smith in 1608, has been of much interest to explorers and map makers. The 
classic map made by Smith was followed by many others of varied character, such as Herman *s 
''Map of Virginia and Maryland" (1670) and Griffith's ^^Map of Maryland'' (1794), both of whicTi 
were the standard maps of their time and marked great advances in the cartographic knowledge 
of the bay.* In the course of the general economic development of this region further data 
as to the limits and character of (Chesapeake Bay and its tributaries continued to accumulate as 
the result of the work both of governmental bureaus and of private concerns until in the fourth 
decade of the last century the need began to be felt for a thorough topographic and hydrographic 
study of the bay. In 1845 the United States Coast and Geodetic Survey began such a study, 
and by 1848 had surveyed the entire bay and prepared charts on the scale of 1 : 20,000 showing 
with accuracy the shore lines and the depths of water. In 1900 it was deemed necessary to make 
a similar study of the bay in connection with the work of the Maryland Shell Fish Commission, 
and by 1903 a second set of charts had been completed by the Coast Survey, on the same scale 
and showing the same detail as the earlier charts. Both sets of charts are accurate and are 
unique in covering so well so large and important an area at dates removed from each other 

1 For an interesting detailed history of the explorations and surreys of Chesapeake Bay, see Mathews, E. B., The maps and map makers of 
Maryland; Maryland Qeol. Survey, vol. 2, pt. 3, 1808. 
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by an interval of more than half a century. Even a cursory examination of the corresponding 
charts of the two periods shows important changes in the position of the shore line and of the 

bay bottom. 

Mr. Charles Yates, of the United 
States Coast and Geodetic Survey, who 
has spent a ntimber of years on Gov- 
ernment survey work in Chesapeake 
Bay and to whom the writer is in- 
debted for a number of facts used in 
the preparation of this paper, has re- 
peatedly urged a study of the processes 
of erosion and sedimentation as brought 
out by a comparison of these charts. 
Owing to the great mechanical labor 
and the long time necessary for such 
an investigation, the writer has con- 
tented himself with the study of a 
very small test area on the eastern 
shore of the bay around the mouth of 
Choptank River, including Tilghman, 
Sharps, and James islands and the 
adjacent mainland, with the purpose 
of ascertaining the advisability and 
possible results of a more elaborate 
study of the entire bay. (See fig. 1.) 
The test area, which is situated about 
midway of the length of the bay, is 
representative of that portion of it 
which has suffered change sufficient 
to be noted by cursory examination 
of the two sets of charts. Moreover, 
it lies in an intermediate position, 
north of which the change in shore 
lines has been effected chiefly by ero- 
sion and south of which there has 
been a very large amount of marsh 
building. This small area affords an 
excellent opportunity to establish cer- 
tain local rates of erosion and sedi- 
mentation, but of course gives no data 
for many of the larger and more gen- 
eral conclusions that would be expected 
from a study of the entire bay. For 
example, the relation of sedimentation 
to land waste as studied by Hum- 
phreys and Abbot in the ]Mississippi 
River basin and by Mellard Reade, 
filie de Beaumont, Archibald Geikie, 
and others in river basins of Europe 
and elsewhere, suggests itself as a 
subject for an investigation that could 
hope to bear fruit only if pursued on 
the larger scale. 
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FiouBE 1.— Sketch map of Chesapeake Bay, showing the area studied and its rela- 
tion to other parts of the bay. 
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SURVEYS OF THE AREA DISCUSSED. 

The earliest adequate sketch of the mouth of Clioptank River is on Herman's "Map 
of Virginia and Maryland" (1670). Although the map shows much distortion, the chief land 
features of the area here discussed are represented about as they exist to-day except that James 
Island (called James Point) had a broad connection with the mainland. Griffith's " Map of 
Maryland" (1794) shows the land features as they are now, James Island, strange to say, being 
widely separated from the mainland, although a chart of the Coast Survey prepared in 1848 
shows a narrow isthmus between the two. A singular though probably not very significant fact 
in view of the primitive methods of surveying and the moderate degree of accuracy of the 
two early maps is that on each of them Tilghman Island is represented as having an outline very 
different from its present shape and as being separated from Sharps Island by a considerable 
stretch of water. This fact is interesting in view of the current belief of the inhabitants in 
a very recent land connection between the two islands. Although these maps are of interest in 
view of the changes that are known to be taking place, no reliance can be put on their accuracy. 

Besides the topographic and hydrographic surveys of 1847-48 and 1900-1901, a plane-table 
survey of the shore lines of James and Sharps islands, the southern portion of Tilghman Island, 
and Cook and Hills points was made by Mr. Yates and the writer in December, 1910, with the 
aid of the charts and triangulation stations of the Coast and Geodetic Survey. The United 
States Geological Survey has published topographic and geologic maps covering the area,^ 
which is located partly in the Choptank and partly in the St. Marys quadrangle. 

TOPOGRAPHY AND GEOIiOGY. 

Two principal topographic and geol(^c features are represented in this area. One of 
these is the plain or terrace occupied by the Talbot formation, which is the lowermost and at the 
same time the youngest of the Pleistocene Columbia group. Although elsewhere this terrace 
may rise to 40 feet above sea level, it does not reach more than 10 feet in the area under discussion. 
It is built up chiefly of clay marl and sand, with scattered patches of gravel, and in most places 
it is terminated by a low scarp cut by the waves, though locally it slopes gently to the water's 
edge. The other principal feature is the tidal marshes which occupy the remaining but much 
smaller part of the area not covered by the Talbot formation. They consist of low-lying, 
swampy land which at high tide may be largely submerged. They are composed mainly of the 
same materials as the Talbot but contain also an abundant growth of swampy sedge or grass 
which aids in filling up the depressions by serving as obstructions that retain the mud and by 
furnishing a perennial accumulation of vegetable d6bris. The living and dead plants form a 
thick network through the clay marl and peat, which, thus reinforced at the water's edge, offer 
great resistance to the cutting of the waves. 

CHANGES* IN SHORE ONE. 

JAMES ISLAND. 

Loss in area, — James Island is the southernmost of the trio of islands (James, Sharp, and 
Tilghman islands) which stand in a line across the mouths of Choptank and Little Choptank 
rivers and front on the bay. It is crudely wedge-shaped and is nearly cut in two by an inlet 
that crosses it diagonally. It is next to Tilglunan Island in si^e, being nearly 2 miles long and 
three-quarters of a mile wide and having a present area of 490 acres. Although now deserted 
except for a few families the island had at one time a much larger population, as shown by the 
presence of about 20 houses, a schoolhouse, and a church. Tlio land nowhere rises above 10 
feet in elevation, and the shore scarps in places attain 7 feet. 

A comparison of the maps of 1848 and 1900 shows some remarkable changes in this island. 
(See PL III.) The narrow istlmius, probably no more than a sand bar, which connected the 
island with the mainland in 1848 had disappeared in 1900, when 0.28 mile of water separated 
the two land bodies. At the time of the survey in 1900 the west shore had receded to a point 

1 Shattuck, O. B., and Miller, B. h., U. S. Qeol. Survey Oeol. Atlas, St. Marys folio (No. 136), 1906. Miller, B. L., U. S. Oeol. Survey Geol. 
Atlas, Choptank folio (No. 182), 1912. 
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500 yards beyond the head of the inlet of 1848. The inlet had been filled in and the sand bar 
separating it from the bay had shifted bodily eastward. In area the island had decreased 
from 975 acres in 1848 to 555 acres in 1901. It had thus suffered a loss of 420 acres, or 43 per 
cent, in 53 years, showing a mean annual loss of nearly 8 acres. During the succeeding 9 
years it was cut down to 490 acres, an average of over 7 acres being cut away each year, the 
total loss for the period being 65 acres, or 12 per cent. During the 62 years covered by the study, 
485 acres, or nearly half the island, had disappeared, an average of 7.8 acres, or about 0.8 per 
cent of the original area, being carried away each year. However, as the island becomes smaller 
and the coast line shorter, this average annual loss will be reduced. 

Linear cutting, — As in the other islands, almost the entire cutting has taken place on the 
northern and western shores, the eastern strand line remaining practically stationary during 
the entire period. The cutting of the outer shores is doubtless due to the strong bay currents 
and storm waves which sweep these shores, eroding and carrying away great quantities of 
sediment. However, the rate of cutting has differed notably in different parts of the shores, 
owing in large measure to imequal resistance of the land material. In general, where the land 
is comparatively high and where the shore material consists of the clays and marls of the Talbot 
formation, the cutting goes on most rapidly. In such places the low cliffs offer favorable 
conditions for erosion. The marly clay, being undercut by the waves, crumbles down in clods 
or lumps of various sizes. This process of breaking down is helped and to some extent regulated 
by joints and narrow clay seams, probably formed by the percolation of water dashed back on 
shore. In many places the shore has numerous angular and rounded reentrants, in some of 
which are fashioned small caves that may extend to a distance of several feet. The presence 
of trees on the shore, especially where it is high, may hasten the retreat of the strand line. As 
the waves cut away the earth from aroimd their roots they fall over into the water, carrying a 
quantity of soil with them and loosening still more of it where they formerly stood. 

The low-lying marl land is much more resistant to erosion than the higher clay scarps. 
The salt marshes formed by this type of shore deposit support a dense growth of sedge and grass, 
whose roots are matted together in the clay and sand. This vegetation serves to hold the fine 
material blown and washed over it, and the marsh is thus built up. At the same time the waves 
are unable to cut this reinforced material rapidly. Out of these facts comes the explanation of 
a rather curious and interesting phenomenon. The map of 1901 showed that the only remains 
of the north end of the James Island of 1848 was a small island situated on the spot which 
was formerly an arm of the diagonal inlet but which was later filled with marsh material. That 
water in the midst of land in 1848 should become land in the midst of water in 1901 is a remark- 
able result of the greater resistance of the marsh-built land. Similar phenomena have been 
noted elsewhere in the course of the study; in fact, wherever the shore has been of tide-marsh 
formation the erosion has been comparatively slight. 

Another interesting feature of the change in Jhmes Island is the shifting of the sand bar 
that separates the waters of the bay from the head of the inlet. The waves probably add 
about as much sand as they carry away, the accretions being largely carried over into the inlet 
basin. Thus the bar seems to be moving slowly eastward. It is probable that in time the 
bar will be broken through, as was the bar between the island and the mainland. Once open 
the channel would be widened and the rate of erosion of the resulting two islands accelerated. 

No less striking than the loss in area suffered by the island during the last 62 years is the 
amount of linear advance of the bay. A comparison of the first two maps shows that the average 
amount of erosion on the north and west coasts of the island during the period from 1848 to 
1901 was nearly a quarter of a mile and the annual average was 24 feet. That the rate is fairly 
constant is shown by the fact that during the nine years succeeding 1901 the average annual 
rate was 23 feet. At this rate the island, whose maximmn width is 0.66 mile, should disappear 
in about 150 years. This estimate is almost exactly the same as another reached by a con- 
sideration of the annual areal loss per mile of eroded shore line. Although this agreement is 
interesting, the result is little more than a guess, as numerous other factors may enter to disturb 
the present conditions and rate of erosion. 
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TILGHKAN ISLAND. 

Tilghman Island is the largest and most northerly of the three islands under discussion. 
It is over 3^ miles long and has an area of more than 3 square miles, providing homes for many 
prosperous farmers and fishermen. At its north end are located the towns of Tilghman and Ava- 
lon, with a population of several hundred people. It is separated from the mainland by a narrow 
strait called Knapp Narrows. 

This island has suffered much less erosion in proportion to its area than either of the other 
two. The eastern coast, as in the other islands, remained essentially unchanged during the 
63 years from 1847 to 1910. Extensive erosion has taken place along the western coast, except 
in the protected portion in Pawpaw Cove, a semicircular indentation midway of the island. 

During the 53 years between 1847 and 1900 the area of Tilghman Island decreased from 
2,015 to 1,686 acres, a total loss of 329 acres, or over 16.3 per cent. The maximum encroach- 
ment of the sea has been on the southern cape (Blackwalnut Point), which has receded a quarter 
of a mile in 63 years. The average annual encroachment of the sea on the western shore during 
the 53-year period was 10 feet, the estimate excluding the shore of Pawpaw Cove, which has 
not changed. This is a much lower rate than those effective on the corresponding coasts of 
the other islands. Only the southern portion of the west coast was surveyed in 1910, but here 
the erosion has been rather rapid, averaging 29 feet a year for the 10-year period beginning 
with 1900. 

That Tilghman Island will have a much longer life than the other two islands is manifest. 
By considering as before the mean annual areal loss per mile of exposed shore line and using 
one-half the remaining westerly exposed shore line as a basis, it would seem that the island 
will not disappear in its watery grave for at least 570 years. However, this estimate must be 
regarded only as a very rough approximation. 

Although the earliest maps show a large stretch of water between Tilghman and Sharps 
islands, many of the residents recount the tales told by their forbears of a generation or two 
ago concerning the proximity and even the connection of the two islands. It may be inter- 
esting in this connection to point out the fact that during the 63 years from 1847 to 1910 the 
average annual widening of the intervening water area was 0.01 mile. As the islands in 1910 were 
3.38 miles apart, the time of their separation, if this rate of widening has prevailed continuously, 
would be about 340 years ago, or about 1570. This is a hundred years earlier than the date 
of the oldest map, that of Herman, which shows a considerable stretch .of intervening water. 

SHOBBS ABOUND THS MOUTH OF THB OHOFTANK. 

This discussion so far has considered chiefly the shore3 exposed to the waves of Chesapeake 
Bay. It 'may be worth while for comparison to note the changes that have taken place on 
points affected more particularly by the currents of Choptank and Little Choptank rivers. 
Cook Point, which lies almost due east of Sharps Island, has been remarkably eroded.' During 
the 53-year interval from 1847 to 1900 tliis point suffered a loss of 108 acres, or about 17 per 
cent of its area, thus losing about 2 acres each year. On the northwest coast of the point, 
where the erosion has been greatest, the water has encroached as much as 0.2 mile in 63 years, 
or at the rate of 16 feet a year. This rate, however, is a maximum — not an average for the 
coast line. An interesting feature is the increase of the rate during the 10 years from 1900 to 
1910, when the maximum cutting amounted to 0.06 mile, or 32 feet a year. Except at the 
extreme end there has been comparatively little change on Cook Point. On the west side of 
the point a pond inclosed by a sand bar is filling up, and is a further example of strongly resisting 
marsh material. On Hills Point, south of Cook Point, there has been considerable erosion 
along the northwesterly exposed shores. The average rate here is about 15 feet annually, 
although the point of maximum cutting may show nearly twice that much. The spit at the 
end of this point is remarkable for its persistence throughout the 62 years. Farther south 
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the west shore of Ragged Point was cut away to a distance of 0.14 mile in 52 years, or at the 

considerable rate of 14 feet a year. Nelson Point, on the north side of the Choptank and east 

of Tilghman Island, suffered a very considerable loss in the 53-year interval before 1900. The 

former point receded nearly a quarter of a mile, while farther north the neck was cut through 

by the currents, leaving the former southern part of the peninsula an island. 

In general the erosion inside the rivers has been less than on the shores exposed to 

the action of the bay, although at a few favorable points the cutting has been equally 

great. As might be expected, the numerous inlets which in part make up the devious shore 

line of this area showed but little change at the end of the 53-year period. Except at the 

localities already mentioned, the shore does not show any large losses, the maximum probably 

being 300 or 400 feet. Moreover, nowhere in the area under discussion has any considerable 

amount of gain been made by the building up of land. However, south of the area studied 

large delta deposits are constantly growing and will add a very interesting chapter to the history 

of the bay. 

CHANGES IN SEA BOTTOM. 

GENERAL STATEMENT. 

Comparison of the surveys of 1847-48 and 1900-1901 not only showed very appreciable 
changes in the position of the shore lines of the bay but also more or less shifting of the sediments 
on the sea bottom, as indicated by the differences in soundings for the two periods. Many of 
these differences are so slight as to come within the limit of error and of the personal equation 
of the hydrographers. At the same time, in the study of a large area such as the entire Chesa- 
peake Bay, many of these small differences might rightly be taken into account, for any 
errors would probably tend to compensate rather than to accumulate. However, over a 
considerable area the results would without doubt be negative; that is, they would show no 
change. The area here discussed is entirely too small to obtain any very substantial or impor- 
tant conclusions. Nevertheless, a few facts may be worthy of note and may suggest further 
and better methods for the study of the larger problem. 

The method here pursued was to draw, from the Coast Survey charts, hydrographic contours 
representing depths of 6, 12, 18, and 30 feet below mean sea level for the two periods. By 
suitably designating the two sets of contours, the areas of cut and of fill could by a little inspec- 
tion be distinguished. As an intermediate step the area over which a recent contour had 
shifted was hachured differently according as it had moved toward what was higher ground, 
thus showing a scouring, or toward what was lower ground, thus showing a shoaling. This 
greatly facilitated the mapping of the areas subject to erosion and to sedimentation. 

AREAS O^* EBOSION. 

The largest and most important area of scouring is that west of Tilghman and Sharps islands. 
In fact, except for a small area directly north of the mouth of Choptank River and an area west 
of James Island, the slopes of the bay have experienced fairly uniform cutting. Almost every- 
where, however, the erosion has been greatest near the shore, while at a depth of 30 feet the 
contours show but little change. In the vicinity of the 6 and 12 foot contours the difference in 
depth for the two dates very rarely reaches 6 feet, while the average would probably be much less. 

Another area of extensive erosion is that north and west of James Island, at the mouths of 
Choptank and Little Choptank rivers, where there has been a deepening of more than 6 feet 
near shore and uniformly less toward the deep channel. An interesting and rather unexpected 
area of scour is that west of Ragged Point and southeast of Hills Point, but the amount of change 
here is somewhat smaller than in the other areas mentioned. Smaller areas of scour are scattered 
with little regularity over the region, the exact causal relations in many of them not being 
entirely evident. 
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AREAS OF DEPOSITION. 

The areas of deposition are fewer and somewhat more interesting than the areas of erosion. 
They indicate local checking of the movements of the currents, which may have resulted from 
a variety of causes. Perhaps the most interesting example of shoaling is that between Tilghman 
and Sharps islands, where more than 6 feet of sediment has been laid down in places, the 
maximum amount being found between the 12 and 18 foot contours. Here Choptank River, 
flowing westward, probably meets, for a large part of the time at least, a strong inshore ciurent 
from the bay. The velocity of the river waters is thus diminished and deposition results. On 
the opposite (south) side of the channel scouring has taken place, thus indicating an acceleration 
of the river current on that side, except close to the ishore, where, strange to say, the soundings 
show slight deposition. As the river flows on and reaches the broad stretch of water between 
Sharps Island and the shores of Trippe Bay, its velocity is again decreased, owing to the 
increase in area of cross section, with the result that deposition occurs on both sides of the 
channel. 

North of the mouth of the river there is an area in which the movement of the water is 
modified, owing to the junction of the bay and river currents. Here there is, for this reason, a 
small area of deposition. The cause of the shoaling west of James Island is not immediately 
apparent, although it may lie in the diversion of the strong river current in a southeasterly 
direction by the bay currents, a portion of the water being thus backed up against the island 
and east of the main channel. Other areas of deposition are those east of James Island and on 
the east side of the Little Choptank between Ragged Point and HiUs Point. 

Approximately 34 per cent of the area covered by water in the territory under discussion 
has been affected by erosion or by sedimentation. Of this portion about 80 per cent, or approxi- 
mately 26 per cent of the total area under water, has been subjected to scouring during the 
62-year interval from 1848 to 1900. It appears from a study of profiles and contours that the 
vertical elements in the areas of erosion and in the areas of sedimentation are approximately 
equal. Now, inasmuch as but 20 per cent of the area subject to change showed shoaling while 
80 per cent showed scouring, and a^ the vertical element is approximately the same in each case, 
it becomes evident that the equivalent of at least 60 per cent of the sediments affected in the 
area must have been carried farther down the bay. The areas subjected to erosion aggregate 
35 square miles and those subjected to sedimentation 9 square miles, making an excess of 26 
square miles eroded. By taking 1) feet as a reasonable average for the amount of vertical 
change, the total quantity carried out of the area and down the bay would approximate 0.007 
cubic mile. Of course, no estimate is possible as to the amount transported through this area 
from points beyond its borders. However, it is apparent that a study of the entire bay would 
yield interesting data on the amounts of material eroded and deposited in different portions of it. 
If to such data could be added an estimate of the amount of sediment carried past any point 
in the bay during the 62-year interval, an approximate estimate could be made of the total land 
waste of the basins drained by the tributary streams above this point. Such a result would be 
of fundamental importance to geologists in the consideration of the phenomena of denudation. 
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SUMMARY. 

The quantitative results of the study can best be presented by the following table : 

Results of erosion at mouth of Choptank River. 





Date of 
surveys. 


Area 
(acres). 


Interval 
between 
surveys 
(years). 


Loss per 

year 
(acres). 


Average advance of 
water on eroded 
coasts. 




For the 

i>eriod 

(miles). 


Annually 
(feet). 


■ 


1848 
1901 
1910 
1848 
1900 

1910 

1847 
1900 
1910 
1847 
1900 

1910 

i 1848 
\ 1910 
/ 1848 
\ 1900 


976 
555 

490 

438 

91 

53 

2.015 
1,686 
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a North shore. 

b West shore. 

e Onlv the south end of Tilghman Island was surveyed in 1910. 

d Owmg to the shape of Oxik Point the maximum linear cutting was measured rather than the average. 

« For 63 years. 

/ For 10 years. 

The most interesting feature of the study is the rapid destruction of the three islands. 
Sharps Island is disappearing most rapidly and will probably be entirely effaced before 1950. 
The remarkable rate of cutting during the last 10 years on the north end of this island, amount- 
ing to 110 feet a year, is worthy of note. Observation shows that practically all the erosion 
has been on the west and north sides of the islands; that is, on the shores which are most open 
to the attack of the southerly bay currents and the westerly winds and their waves. In general 
the cutting has been greatest along the shores having low scarps made up of the clays and marls 
of the Talbot formation and least along those of the low-lying tidal marshes. For this reason 
the land now being formed will in many places outlive the older and higher portions. Most of 
the projecting points within the entrance to the Choptank show considerable change, although 
much less than the shores of the bay proper. No building up of the land is going on within the 
area studied, although farther south extensive delta deposits are being laid down. 

A study of the submarine changes shows rather extensive scouring along the eastern shore 
of the bay proper and less extensive though ec^ually intensive shoaling at places within the 
river mouth. The equivalent of approximately 60 per cent of the total amount of the sediments 
subject to change in the area is carried farther down the bay. A very rough estimate of the 
quantity of material carried away from the area is 0.007 cubic mile, but owing to the fact that 
this material comes from several different basins and that the amount of sediment transported 
through the area is unknown no idea as to the rate of land waste could be obtained. 

In conclusion, while the present work should be regarded only as a test investigation of 
the erosion and sedimentation in Chesapeake Bay, it is demonstrated by the comparison of the 
two surveys of 1848 and 1900 that very significant changes both in the topography and in the 
hydrography of the region have taken place. Although the data here set forth are chiefly of 
local importance, it is hoped that the study may suggest certain methods that are applicable to 
a complete study of the bay. Such a study of the changes during an interval of over 60 years 
would present some idea as to the land connections and distribution not only of the past but 
likewise of the future. It would also give quantitative data on the rate of erosion and of sedi- 
mentation and, if carried far enough, should furnish new and significant data on the rate of 
land waste in the surrounding basins. Finally, if the study of this small area shall lead to a 
more extensive investigation as to the quantitative relations of these fundamental geologic 
processes, the purpose of the work will have been fulfilled. 
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By Whitman Cross. 



INTRODUCTION. 

Locaiion and field work. — ^The Apishapa quadrangle, the geographic relations of which are 
shown by Plate IV, is situated on the plains south of Arkansas River, in Colorado, about 24 
n^iles east of the mountain front. The geology of the Pueblo, Walsenburg, Spanish Peaks, and 
Ehnoro quadrangles, adjoining it on the northwest, west, southwest, and south, respectively, 
has been described in folios of the Geologic Atlas.* G. K. Gilbert, assisted by F. P. Gulliver 
and G. W. Stose, took up the survey of the Apishapa area in 1894. The Apishapa folio was 
completed by Stose and was issued in 1913. llie rocks to be described in this paper were col- 
lected by Gilbert and his assistants, the present writer never having visited the area. The 
following description of the occurrence of the rocks has been kindly furnished by Mr. Stose. 

Occurrence of the roclcs, — Forty-three dikes have been observed in the Apishapa quadrangle. 
They are mostly vertical in position and trend as a rule nearly west, or somewhat to the south 
of west. The greater number are from 4 to 10 feet wide, but a few reach a width of 20 feet or 
more. 

The trend of the dikes and the character of the dike rocks demonstrate clearly that they 
belong to the outer zone of the system of dikes radiating from the Spanish Peaks center, to 
the southwest. Near this center similar dikes cut the Eocene Huerfano formation, and in the 
Apishapa quadrangle the latest Cretaceous formation present is penetrated by some of the 
rocks here described. While the dikes are therefore possibly of late Eocene age, they may be 
considerably yoimger. Freemen ts of the dike rocks are foimd in the earliest' terrace deposits 
of the quadrangle. 

The dikes are most numerous, naturally, in the southwestern part of the quadrangle — the 
part nearest to the Spanish Peaks. The most thickly intruded tract is an elliptical upland 
area southeast of Bonita Cordova ranch, where 12 dikes occur within a strip about 1 mile wide. 
In a few places dikes were observed to intersect one another, but the relative ages were not 
determined, though the identification of specimens has shown that in most of these places the 
intersecting dikes are made up of different rocks. In Grasfon Butte, the dike hill east of North 
Rattlesnake Butte, a long branching dike of basalt is cut by a shorter one of augite vogesite. 

Where the dikes penetrate shale the shale has been indurated, as a rule for several feet 
from the contact, and erosion has left the dike and the indurated wall rock projecting above 
the surface of the soft shales. No noticeable mineral change has occurred in the baked shale. 
A similar effect is locally found where dikes cut limestone. 

The most conspicuous of these dike ridges are Mica Butte and Blue Hill. Graston Butte, 
east of North Rattlesnake Butte, and some others, imnamed, are nearly as large but are less 
conspicuous because they are less isolated. 

Where the dikes cut the Dakota sandstone or the Timpas hmestone (Cretaceous), they are 
generally attacked more readily by weathering and erosive agencies than the wall rocks and 
therefore are indicated by crevices or channels traversing the sedimentary formations. 

1 Gilbert, G. K., U. S., Geol. Survey Geol. Atlas, Pueblo folio (No, 36), 1897. Hills, B. C, idem, Elmoro folio (No. 58), 18»; Walaenburg 

foUo (No. 68), 1900; Spanish Peaks folio (No. 71), 1901. 
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Several dikes contain xenoliths of foreign rocks brought up from lower levels and derived 
partly from sediments traversed by the dikes and partly from the pre-Cambrian complex below. 
The pre-Cambrian rocks are granites, gneisses, and schists, similar to those of the Greenhorn 
Moimtains, to the west. No fusion or notable metamorphism of these xenoliths was observed. 

General character of the rocks. — ^All the Apishapa dike rocks are very dense and dark in the 
unaltered state. The rock most easily determinable in hand specimens is a minette. Two 
diabases are dark gray and with a hand lens one can recognize feldspar and pyroxene in them. 
The largest group is that of the .homogeneous-appearing aphjrric aphanites; these grade into 
melaphyres (In the field meaning of the term) exhibiting more or less abundant and distinct 
small olivine and augite phenocrysts. Biotite tablets as much as 1 centimeter in diameter are 
sporadically developed in some rocks. 

A few specimens are characterized by round or irrq^lar white grains of analdte. Although 
in two specimens these grains appear like phenocrysts, it is believed that they are the filling of 
small pores. In one rock a fibrous zeohte occurs beside analcite partly filling vesicles. Calcite 
and chlorite are associates of the analcite in some rocks. 

Microscopical study shows that the rocks belong to a series of lamprophyres raiding from 
minette to basalt. That the basalt is but one extreme of the series is shown by the gradation 
through several occurrences into alkali feldspar rocks carrying abundant biotite and brown 
hornblende, with augite and more or less olivine. The analyses to be presented confirm this 
characterization. The dikes of the adjacent quadrangles furnish many other lamprophyric 
varieties, according to Hills, making the gradation still more striking. 

The Apishapa dike rocks will be described under the names minette^ augite minette, 
tinguaite, olivine-bearing augite vogesite, augite-homblende vogesite, sodic diabase, and olivine- 
plagioclase basalt. 

PETROGRAPHY. 

MINBTTE. 

Description, — ^The single dike of normal minette occurs west of the lower or north end of 
the canyon of Apishapa River. It trends east-west and is 10 feet or more in average width. 
Material from a point about 6 miles west of the river has a reddish pr gray-brown color duo to 
numerous leaves of glistening biotite, many of which are 2 or 3 millimeters across. A rude 
parallel arrangement of the biotite flakes causes a marked schistosity. The matrix is pale^ 
pinkish in tone, owing to the presence of minute biotite scales and limonite pigment. No 
phenocrysts of feldspar or augite can be detected. 

Under the microscope the rock is seen to be a mass of interlacing leaves of fresh biotite, which 
form perhaps one-third of the whole, with a matrix consisting prmcipaUy of clear alkali feldspar 
in blades, many of them arranged in sheaf-like bundles. Besides these predominant constitu- 
ents, apatite is notably abundant in colorless cross-jointed prisms, the smaller of which are 
included in the biotite. A prismatic mineral, presumably diopside, was once an abundant 
element but is now almost wholly decomposed, chlorite and calcite in a very fine aggregate of 
indistinct outline taking its place. Magnetite is scattered through the rock in dustlike particles 
surrounded by limonitic stain. The feldspar is principally orthoclase, with which is associated 
some soda-rich plagioclase, probably oligoclase-albite. 

Calcite occurs not only as one of the alteration products of the prismatic mineral but also 
in minute scales and irregular particles scattered through the mass. No calcite grains with 
distinct cleavage have been seen. The amount of calcite corresponding to the CO, found by 
analysis is much greater than the estimate from microscopical examination. This discrepancy 
is explained by the presence of minute seams of calcite parallel to the schistosity, representing 
a deposit from circulating solutions. These seams do not appear in the thin sections. 
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Chemical composition. — ^An analysis of the rock just described, made by George Steiger in 
the laboratory of the Geological Survey, is given in column 1 below and is accompanied by 
analyses of similar rocks: 

Analyses o/minette and related rocks. 



• 


1 


2 


3 


4 


5 





BIOi 


32.32 

8.10 

9.40 

4.10 

5.97 

12.00 

.09 

5.97 

4.09 

1.03 

4.55 

0.30 

3.78 

.20 

.13 

.30 

.24 


52.20 

13.90 

2.70 

4.45 

8.21 

7.00 

2.80 

3.87 

1.34 

1.53 

.58 

.49 

.52 


50.81 
15.13 
2.40 
3.52 
10.04 
4.90 
1.01 
7.01 
3.07 


40.71 
19.40 
7.40 
0.83 
0.21 
11.83 
1.80 
3.20 
1.53 


50.41 

12.30 

5.71 

3.00 

8.00 

7.08 

.07 

7.53 

L80 

.40 

1.47 

.'40' 


41.57 


AljOi 


9.75 


FeiOt 


4.00 


FeO 

MeO • 


4.47 

8.05 


CaO 


11.10 


NaiO 


1.57 


K,0 

HfO+ 


0.10 
2.30 


HjO— 


1.54 


TiOj 


1.71 

Trace. 

.02 


.74* 


2.30 


COt J 


1.24 


p«o& 


4.06 


s 






MnO 


.14 
.23 


Trace. 


.18 


.15 
.23 


.25 


BaO 


.44 


SrO 






.11 














LessO 


103.01 
.13 


100. 2S 


100.88 


100.01 


100.42 


a 90. 90 


**'*^'** ^-'^•-••---•------------ i.--- ..-i.-.-, ,... — ..... 






99.88 


• 



a Including ZrOt 0.02, Cl 0.04, F 0.23, CrtO* 0.04, NiO 0.02, VtOs 0.04, FeSs 0.00, and deducting 0.11 O for F, CI. 

1. rAugite) mlnette. Apiabapa quadrangle. Colo. Oeorxe Steiger, analyst. 

2. Augite minette, Bheep Creek, Little Beii Mountains, Mont. W. F. Hillebrand, analyst; rock described by L. V. Pirsson, U. 8. Qeol. Survey 
Twentieth Ann. Rept.,jpt. 3, p. 531, 1900. 

3. Augite minette, rlauensche Grund, near Dresden, Saxony. B. Doss, analyst: Min. pet. Mitt., vol. 11, p. 27, 1800. 

4. Minette, Franklin Furnace, N. J. L. O. Eaktns, analvst; described by J. P. Iddings. U. S. Geol. Survey BulL 150, p. 238. 1808. 

5. Syenitic lamprophjrre. Two Buttes. Colo. W. F. Hillebrand, analyst; described by w. Cross, Jour. Geology, vol. 14, p. 105. 1900. 

6. Apatite minette, northwest bank Columbia River, opposite Northport, Wash. W. F. Hillebrand, analyst; describea by F. L. Ransome, 
Am. Jour. 8cL, 4th ser., voL 20, p. 337, 1906. 

Analysis No. 1 shows low silica and alumina, corresponding to the dominance of biotite; 
potash is strongly in excess over soda; and phosphoric acid is very high, in agreement with the 
abundance of apatite. The decomposition of the pyroxene and especiaUy the infiltration of 
calcite account for the high carbonic acid. It must be assumed that the biotite is rich in 
magnesia, and probably a large part of the titanic acid is to be found in the mica, as no 
ilmenite or titanite has been detected. 

A comparison with other analyses of minette, after all due allowance has been made for 
the calcite present, shows the Apishapa rock to be unusually femic. While good analyses of 
minette are rare, the few found in literature are of rocks much richer in silica, alumina, and 
magnesia. None of those cited is so comparatively rich in potash. The Colorado rock has 
also a larger amount of titanic acid than the others. It is exceeded in phosphoric acid con- 
tents only by the apatite-rich minette of Washington (No. 6). The Washington rock is also 
rich in titanic acid, and it seems not improbable that these two minettes were, when unaltered, 
closely allied rocks. 

In general mineral and chemical character this minette is about as closely related to the 
peculiar lamprophyric rock (prowersose) from Two Buttes, Colo. (No. 5), as it is to any of the 
analyzed minettes. That rock is richer in orthoclase and diopside and poorer in biotite than the 
minette. It has also much less normative apatite and ilmenite. The Two Buttes rock was 
described as **a syenitic lamprophyre allied to minette.'' 

Classification. — The described characters of this rock clearly place it under minette in the 
qualitative system. It was no doubt originally an augite-bearing minette, though perhaps 
approaching the pure biotite viariety. The rarity of minette free from augite or hornblende 
has been commented on by Rosenbusch.^ 

The position of this rock in the quantative system may be approximately determined in 
spite of its high content of carbonic acid, for, as has been pointed out, the greater part of the 

1 Rosenbusch, H., Mikroskopiache Fhysiognphie der maasifsen Gesteine. 4th ed., p. 660, 1907. 
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calcite is not due to decomposition of rock constituents. The norm and systematic position of 
the rock are as follows: 

Norm and systematic position of minette from Apishapa quadrangle, Colo, 

^. Sal 42.28 ^ „ ,. 

^^*' Fem~38T8'™ * Balfemane, III. 

Order: ^="41^7— ^» perfelic, gallare, 5. 

Rang: q^^qt ^n"™*' peralkalic, 1, orendase. 

"KCy 64 
Subrang: a— «._-a5.33^ dopotaaric, (1) 2 (unnamed). 

Symbol: 111.5.1.(1)2. 
100.14 

Unless more soda has been removed than there is discernible reason to suppose this is one 
of the most distinctly potassic rocks known. But the degree of alteration, as well as the transi- 
tional position of the rock shown by the ratio KjOiXajOy renders it inappropriate to name 
the subrang from this occurrence. The minette from Washington (No. 6) contains both nephe- 
lite and leucite and a large amount of diopside in its norm. It seems evident that the Apishapa 
rock may have contained so much pyroxene that normative lenads would have appeared if 
the analysis had been made on fresh material. 

AXJGITE MINETTE AN1> TINaXJAITE. 

Mica Butte, situated west of Apishapa River, in the southern portion of the quadrangle, 
is traversed by an east-west dike, the single specimen of which at hand exhibits two distinct 
rocks, one cutting the other in very intricate fashion. No recorded observations give further 
data on the field relations. The specimen consists chiefly of a brown, fine-grained, plainly 
biotite-bearing rock, much brecciated, and penetrated by dull pale-green tongues of apparently 
crystalline character. A poikilitic fabric is indicated in both parts by the cleavage luster of 
large feldspar grains, some nearly 1 centimeter across. The chadacrysts * are irregularly dis- 
tributed through the orthoclase and all other primary constituents occur in this manner. 

From the name given to the butte where this dike occurs it may be inferred that biotite 
is developed in much of the rock in larger crystals than in the specimen. The green material, 
of tinguaitic character, is so different from the minette that some considerable development 
must also be assumed for it. 

■ Under the microscope the minette part of the specimen is found to consist of biotite, augite, 
alkali feldspar, apatite, magnetite, and brown glass. Fresh feldspar grains of various sizes 
inclose many augite and apatite needles of perfect crystal form and wholly irregular orientation. 
Some of the augite prisms betray the presence of the aegirite molecule by color and pleochroism 
but retain a large extinction angle. Smoky glass acts like the feldspar as matrix for the other 
minerals in many spots. Titanite is present in a few large grains penetrated by apatite needles. 

This augite-bearing minette gives reason for the suppositon that the altered prismatic 
mineral of the other minette described was augite, but the latter rock is much richer in biotite 
than the specimen from Mica Butte. i. 

The tinguaitic material, injected in fine vrinlets all through the minette, varies greatly in 
texture and in the degree to which it is mixed w^ith the minette minerals, especially biotite. 
Some narrow arms are coarse grained and consist of alkali feldspar, aegirite, apatite, titanite, 
magnetite, and glass. In such parts the aegirite occurs in irregular bunches or interstitial 
grains between the larger and more abundant alkali feldspars. 

1 Chadacrysts are the crystals or grains inclosed in the oikocryst,.or "host": Iddings, J. P., Igneous rocks, vol. 1, p. 202, 1S09. 
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In other tongues there is a felt of segiiite needles in a fine granular mass of feldspar, and 
here augite of the same habit is more or less mingled with aegirite, as is also more or less biotite, 
in minute flakes. Sodalite or noselite in regular crystals is variably developed in some veinlets. 

While this occurrence of tinguaitic character is worthy of note, the lack of observations as 
to its occurrence and the inadequate material at hand for its study make further description 
at this time undesirable. 

OLTVINB-BBAKINa AUGITB VOaBSITB. 

Descrijftion. — ^The most abimdant variety of these Apishapa dike rocks is made up princi- 
pally of augite, olivine, magnetite, apatite, and a colorless matrix, which in most rocks consists 
mainly of alkali feldspar but in some is in part a glass. Biotite is a very common and brown 
hornblende an occasional constituent of small quantitative importance. All these rocks appear 
to be domafic^ in general character, but the analysis of a typical rock of this group shows that 
the salic molecules actually predominate in the norm and they probably do so also in the mode. 

Most of these vogesites are dopatic or perpatic microphyres, megaphenocrysts of olivine, 
augite, or biotite being rare. Both olivine and biotite sporadically reach dimensions of 1 centi- 
meter or more. Under the microscope it is seen that olivine is conmionly and augite occasion- 
ally developed in prominent phenocrysts. But the porphyritic texture is locally obscured by 
the seriate development of augite from the largest to the minutest particles. In a few specimens 
white grains of analcite are conspicuous, but these are believed to be the filling of small vesicles, 
and though possibly formed immediately after the consolidation of the magma, the analcite is 
not properly a phenocryst.- 

Augite is the most abimdant constituent of these rocks, possibly exceeding 35 per cent in 
some dikes. It is pale green in color, prismoid in form, and generally of euhedral or subhedral 
development. In size it ranges from microphenocrysts several millimeters long to minute 
particles requiring a high-power lens for their identification. It is. almost invariably xmaltered. 

Olivine was probably present in all these rocks, and in many of them it is still fresh, but 
in a few it is entirely altered to a chloritic or pilitic i^gregate. Biotite is seldom lacking among 
the minute particles of the groimdmass, and here and there hornblende of similar brown color 
is associated with it. ' 

The brownish color of the base in some rocks is found by high magnification to be due 
mainly to minute scales of biotite or short prisms of hornblende, and in others it is caused by 
ferritic globulites. Both hornblende and biotite may be developed in equant grains of similar 
appearance. Magnetite occurs in many small and nearly uniform grains, but is less abundant 
than might be expected in such basic-looking rocks. Apatite is variable in amount but is 
unusually abundant in most dikes. 

The felsic* element of these rocks plays the part of a base holding the mafic constituents. 
It is holocrystalline in a few rocks, partly crystalline in some, and almost or quite hyaline in 
others. In the most distinctly crystalline form it is anhedral and granular and consists of 
apparent alkali feldspar having a refractive index always distinctly less than that of balsam. 
More commonly the base exhibits but faint polarization and has a pale-browTiish color when 
examined with low power. Under high magnification the mass often appears fibrous, the 
fibers being outlined by pale-brownish globulites between them. 

The rock of this group, of which an analysis is given on page 22, is represented in Plate V. 
Plate V, A shows the appearance in ordinary light. Olivine in large crystals is represented by 
white areas having a rough surface. Augite is developed in clouded prisms corresponding to 
the olivines in size and also in many small prismoids and grains. The white irregular base is 

1 Mafte applies to the whole group of ferromagnesian minerals developed in rocks and to rocks in which such minerals dominate. It is distinct 
troanfemiCt which applies properly only to normative nonalumlnous ferromagnesian molecules. Cross, Iddings, Firsson, and Washington, Jour. 
Geology, vol. 20, p. 561, 1912. 

*FeMe, a term complementary to mafic, has been proposed for the group of modal feldspar, feldspathoids, and quartz, to which the normative 
t«iin taik is often incorrectly applied. Cross, Iddings, Pirsson, and Washington, idem. 
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alkali feldspar, some of the radiating and branching groups of needles being visible in the center 
of the figure. Biotite is here very subordinate and its small flakes can not be distinguished 
from magnetite in the photograph. 

Plato Y, B brings out the rather prominent bundles of alkali feldspar needles and the 
irr^ularly granular, anisotropic character of the rest of the white base of Plate V, A. 

In a few of these augite vogesites there is sbme isotropic or very faintly polarizing substance 
that plays the same textural part as the feldspar aggregate of the rock illustrated by Plate V. 
Some alkali feldspar accompanies this base, which is supposed to be glass. It is clouded by 
minute brownish particles. 

In several rocks there is also another isotropic substance, of dusty appearance and low 
refractive index, which is usually associated with chlorite and calcite and is believed to be 
secondary analcite. 

Indications of plagioclase are entirely lacking in most of these olivine-bearing augite 
vogesites. Nephelite is possibly present in small amount in the very fine grained base, which 
consists largely of alkali feldspar, but it nowhere assumes a distinctly recognizable form. 

Chemical composition. — An analysis of a fresh typical olivine-bearing augite vogesite is given 
in column 1 below, together with analyses of chemically analogous rocks, for comparison. 

Analyses of oliviTie-bearing augite vogesite and related rocks. 



' 


1 


2 


3 


4 


5 


6 


7 


SlOf ." 


. 44.31 

14.10 

4.76 

6.02 

7.80 

9.66 

3.74 

2.83 

3.29 

.88 

2.10 

.53 

.10 

.18 

.10 

.10 


44.39 
13.12 
4.19 
7.38 
9.54 
9.56 
4.17 
2.22 
1.96 


44.87 
14.05 
2.03 
7.79 
8.87 
9.76 
4.65 
2.31 
.62 


43.64 

13.12 

6.40 

5.52 

«.36 

9.52 

3.89 

2.18 

.49 

.16 

4.56 

.74 


42.80 
12.49 
4.32 
6.06 
7.62 
10.43 
4.33 
2.75 
4.92 


44.66 

12.97 

3.84 

7.55 

9.35 

8.82 

4.24 

2.78 

.69 

.48 

2.76 

LIO 


44.52 


AliOi 


14.28 


FetOi 


6.36 


FeO 


6.30 


MeO 


7.13 


CaO 


ia20 


XatO 


3.76 


KiO 


2.50 


HiO + 


} 3.53 


HtO— 


TIO« 


2.40 
.93 


4.71 
.27 
.23 
.07 


2.36 
1.77 


2.04 


p,o* 


.56 


8 




MnO 








.20 




BfcO 










SrO 






.03 




















L*ss O 


10a49 
.05 


100.18 


a 100. 23 

* 


99.60 


99.85 


6 99.71 


10a36 








100.44 





« Including Coi, 0.16. 



b Including CrtOs, 0.01, and NiO, 0.26. 



1. OUvinehbeaiing auette vogesite, dike south-southeast of Dripping Spring, Aplshapa quadrangle, Colo. Analyst. George Steiger. 

2. Feldspar hasalt, Fmdrfohstolln, Der Meissner, Allendorf, Hesse. Cited by F. Beyschlag, Eri&uterungen zur geologischen Spesialkarte von 
Preussen, Blatt Allendorf, p. 47, 1886. 

3. Essexite, HaselbMn, Passau, Bayrisoher Wald, Bavaria. Analyst, O. Vervuert. Described by A. Fnntcel, Geogn. JahresheCten, voL 24, 
p. 162, 1911. 

4. Nephelite basaOlte, La Garrinada, Olot, Spain. Analysis and descriptlaa by H. S. Washington, Am. Jour. Sol., 4th aer., vol. 24, pp. 
23j_240 1907. 

5. leucite basalt, Hertlnghausen, Hesse-Nassau, Germany. Analyst, Dittrich. Described by R. Bemges, Neues Jahib., Bell. Band 81, 
p. 633, 1911. 

6. Basalt (trachydolerite), Sverrei FJeid vdoano. Bock Bay, Spitsenbergen. Analyst, Dittrich. Described by V. M., Gddachmidt, Viden- 
skapsselsk. Skr.-naturv. Kl., 1911, No. 9. 

7. Nephelite basanite. Jesserken Beig, Bohemian Mittelgeblrge. Analyst, C. Fr. Eichldter. Described by G. Irgang, Mln. pet. Mitt., vol. 
28, pp. 55-«7, 1909. 

The agreement in chemical character among these rocks is notable, yet the names assigned 
•to them show how greatly the conditions of consolidation affect the mode. The seemingly 
small Tariations of the different oxides have in fact an important effect on the normative or 
potential mineral character of these magmas, as appears from the table of norms given below. 
Titanic acid is notably high, 

Classijicaiion. — ^The norms of the rocks whose analyses have been quoted will be found 
in the table below. Those for the cited rocks of this and succeeding tables have been calculated 
by H. S. Washington.* 

> Dr. Washington has kindly given me free access to the extensive material he has compiled for a new edition of his invaluable tables of rook 
analyses, now nearly ready for publication. 
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PHOTOMICROGRAPHS OF ANALYZED AUGITE VOGESITE. 

A, With one nical ; B, with crossed nicols. Magnified 51 diameters. 
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Norms of olivine-hearing augiU vogente and related rocks. 





1 


2 


3 


4 


5 


6 


7 


or 


16.68 

7.60 

13.07 

13.20 

25.32 

8.06 

6.96 

4.00 


12.79 
10.74 
10.56 
13.49 
24.12 
13.25 
6.03 
4.56 


13.34 

7.07 

10.84 

17.46 

28.23 

9.78 

3.02 

&97 


12.79 

15.58 

11.95 

11.08 

23.76 

8.68 

4.64 

&66 

3.20 

1.68 


16.12 
7.86 
6.95 
15.34 
26.46 
6.81 
6.26 
6.38 


16.68 

9.96 

7.51 

13.92 

23.12 

13.66 

5.57 

5.32 


15.57 


ab 


ia48 


an 


14.18 


ne 


11.64 


dl 


25.68 


ol 


4.93 


mt 


9.23 


U 

hm 


3.95 


ap 


1.24 


2.35 


-67 


4.03 


2.69 


1.34 



The position of the Apishapa rock (No. 1) in the quantitative system is detennined by 
the following data: 

Sal 50.55 - -- TTT 1* 
C^- FiS^dOO^^-^^ =^"' salfemane. 

L 13 20 
Order: f =37^=^-376=6, portugare. 



Rang: ^%t^^^ «-|^«1.936=y, monchiquaae. 

K (y 30 
Subrang: Sjlry = g7" ="0.49 ='4, monchiquoee. 

The other rocks have the following symbcb : 



4....in.6.2'.4 

6....III.6'.2.4 



6 III.6.2.4 

7....III.6.2(3/.4 



2....IIL6.2.4 
3....III.6(7).2.4 

The Apishapa rock comes well within the central parts of the salfemane class and its lendo- 
f elic order, portugare. It is domalkalic but intermediate toward the alkalicalcic rang limburgase. 
As to subrang it is dosodic but intermediate toward the sodipotassic shonkinose. "With regard 
to the femic elements it is dopolic, prepyric, premiric, and premagnesic, and in these respects 
the rocks compared with it are closely analogous. 

In the mineralogic or qualitative system the Apishapa rock must be called an olivine- 
bearing augite vogesite, for it has no plagioclase. Manifestly its feldspar is highly sodic and 
hence the rock is not a typical vogesite. 

Bearing the name vogesite, the Apishapa rock parts company with its chemical analogues 
so far that no suggestion of close similarity with them is conveyed by their current names. 

Comparison of norm and mode. — In the vogesite from Colorado norm and mode do not agree 
at all closely in some important respects. That rock is purely of an alkali feldspar type, yet 
it has more normative anorthite than most of the chemically analogous rocks containing plagio- 
clase. It has a large amount of normative nephelite but little in the mode, while the reverse 
is true of augite and olivine. No doubt the augite contains much of the lime and alumina of 
the normative anorthite, and the abnormative amounts of olivine and augite release some 
silica, which presumably served to decrease the nephelite and increase the albite of the rock. 

It is interesting to note that the rocks compared with this vogesite also exhibit differences 
of norm and mode. The basalt of the Meissner (No. 2) is a well-known rock cited by Rosen- 
busch, Zirkel, and others as typical of the doleritic basalts of intersertal texture, without mention 
of nephelite as a constituent. Beyschlag, however, notes that among the petrographers who 
have studied the Meissner basalt Senf t and Mohl have reported nephelite, a determination which 
he regards as requiring confirmation. The quoted analysis of the Meissner basalt seems clearly 
to be the most reliable of those cited by Beyschlag, but he unfortunately gives no special descrip- 
tion of the material analyzed. Alkali feldspar is present, though not in large amoimt, in a 
section of rock from the Meissner given to me many years ago by Prof. Zirkel, but I have not 
been able to find nephelite in it. The norm of the Meissner basalt shows that it has potential 
nephelite, and if conditions in some parts of the mass were favorable to its development nephelite 
might well assume locally an important rdle. 
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The essexite (No. 3) of the above table has abundant andesine, though its normative 
anorthite is less than that of the vogesite. In spite of the name essexite Frentzel does not 
mention nephelite as a constituent, although 17.46 per cent is shown in the norm. The nephelite 
basanite of La Garrinada (No. 4) has abundant labradorite and some nephelite, but orthoclase 
is not mentioned by Washington. The leucite basalt (No. 6) has so much glass that its holo- 
crystalline mode can not be safely inferred, but its abnormative leucite is certainly not due to 
low silica or high potash contents. 

The basalt of Bock Bay (No. 6) appears from the full description of Groldschmidt to have 
nephelite in its groundmass, though in particles so minute that he regards the determination 
as questionable. Although containing practically the same potash and more soda than the 
vogesite, this basalt has no determinable alkali feldspar. With less lime and much less normative 
anorthite than the vogesite, it has considerable plagioclase, richer in soda than in lime. 

The nephelite basanite of Jesserken Berg (No. 7) presents curious relations of norm and mode, 
particularly when compared with the vogesite (No. 1) and the basalt of Spitzbergen (No. 6). 
It is a sanidine-bearing nephelite-hauyne basanite with oligoclase as its lime-soda feldspar, yet 
it has nearly twice as much normative anorthite as the basalt from Spitzbergen and is not so 
rich in the alkali molecules. It agrees closely with the vogesite in chemical composition but 
has both plagioclase and lenads much more prominently developed. 

HORNBLENDE- AXJaiTE VOQEBITE. 

Description. — ^A group of vogesites differing but little from the group just described in 
megascopic appearance is characterized by an abundance of camptonitic brown hornblende, 
equaling or exceeding augite in amount, with biotite of the same brown color, and a variable 
development of plagioclase, which is always subordinate to alkali feldspar. Olivine is or was 
a constituent of less importance than in the other group, and it is commonly decomposed to a 
pilitic aggregate, while the other mafic silicates are fresh. Apatite and magnetite are abundant. 

Some of these vogesites are imevenly panautomorphic, granular except for the alkali 
feldspars, and so coarse that their texture can almost be recognized by the unaided eye. Others 
are microphjnres, and in these hornblende and biotite are chiefly or wholly in the groimdmass, 
while a part of the augite appears in distinct microphenocrysts along with olivine. 

The mafic silicates predominate somewhat, but feldspars are more abxmdant than they seem 
to be, because of the occurrence of the alkali feldspars as the matrix. Plagioclase is most com- 
monly developed in stout crystals of imperfect form and is labradorite or andeslne. 

Analcite oecurs in round phenocrystic grains and some of it seems as if it might be primary, 
but this is questioned because small pores of the same size containing chlorite, calcite, and 
sometimes analcite are present in the same rocks. 

Plate VI reproduces photomicrographs of the homblende-auglte vogesite of which an 
analysis is submitted below. This rock came from a dike 3 miles west of the upper end of 
Apiahapa Canyon and east of Mica Butte. Plate VI, A , taken in with one nicol, shows the general 
texture very well. The large prism to the left of the center and nearly all other prisms and 
grains of the same shade of gray are augite. Many darker-gray crystals are brown hornblende, 
which is intergrown with augite at one end of the large prism and in many other crystals. Three 
decomposed olivine crystals appear near the center. Biotite is very subordinate in this rock. 
The black grains of Plate VI, A, are aU magnetite, and several long needles of apatite appear in 
the left-hand portion. The f eldspathic base is resolvable only in polarized light between crossed 
nicols. Plate VI, B, brings out the multiple twinning (albite and pericline laws) of a stout crystal 
near the upper border, and albite twinning appears in a few other grains but is less easily distin- 
guished in the illustration. Some clear alkali feldspar needles, which are also visible in A, appear 
more sharply defined in B, lying in a fine aggregate of feldspathic character. 

Chemical composition. — The augite-homblende vogesite of a dike 4 miles west of Apishapa 
Canyon has the composition given in column 1 on page 25, according to an analysis by George 
Steiger. Analyses of some of the most closely allied rocks are given for comparison. 





PHOTOMICROGRAPHS OF ANALYZED HORNBLENDE-AUGITE VOGESrTE. 

A. With one nlcoh IS. with crossed nlcols. Magnified 51 diameters 
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Analyses of augite-homhlende vogesiU and related rocks. 



■ 


1 


2 


3 


4 


5 


SiOt 


43.49 
12.76 
5.92 
5.18 
9.23 
10.54 
2.40 
2.53 
3.05 
1.86 


43.58 

11.46 

3.40 

9.13 

laso 

9.88 
2.18 
2.13 
2.40 
.47 


' 50.35 

15.76 

2.32 

7.30 

7.40 

10.12 

2.75 

3.89 

.45 


44.20 

13.96 

3.19 

8.41 

8.03 

9.79 

3.66 

2.35 

.76 

.12 


44.82 


AUO, 


14.06 


Fe»Oi 


4.56 


FeO 


7.27 


MfO 


8.60 


CaO 


9.56 


NjuO 


3.69 


KtO 


2.30 


H1O+ 


.30 


H,0- 


.05 


COt 






TiO, ^ 


2.10 
.75 
.11 


3.32 
.95 


.30 
.39 


4.10 
.62 


4.25 


p,oI. ...... ......: 


.67 


8^.^:::::::.:::. .:::..:: : :.::.::: 




Cl 


Trace. 








FeSi 










NIO 








.14 
.51 




MnO 


.10 
.13 
.12 




.35 


None. 


BaO 






8rO 






















100.52 


99.70 


101.38 


Vv* cn 


100.13 



1. Augite-nomDlende v(^esite, Apisnapa quaorangie. coioraao. 

2. Limbuigite, Woodend, Macedon, Victoria, Australia. Skeats and Summers. Oeol. Survey Victoria Bull. 24, jp. 28. 1912. 

3. Olivine monzonite. Smalingen, Fahluo, Sweden. Analyst, L. Schmelck. Described by W. C. Brfigger, Die Eniptt 



gebietes. vol. 2. p. 46, 1895. 



Eniptivgesteine Kristianla- 



4. Nephelite basanite, Cnucat, south of Olot, Spain. Analysis and description by H. S. Washington, Am. Jour. Sci., 4th ser., vol. 24, pp. 
233-240, 1907. 

5. Nephelite basanite, Hontsacopa, near Olot, Spain. Analysis and description by H. S. Washington, loc. cit. 

This type is more basic than the vogesite described above, having less silica, alumina, and 
alkalies and more magnesia and lime, but these differences are not enough to obscure the general 
similarity of the two rocks. The cumulative effect of the differences is best appreciated by a 
comparison of the norms of the two rocks. 

ClassiJicaMon. — Hiie norms of the hornblendic vogesite and the correlated rocks are as 
follows; 

Norms 0/ augtU-komblende vogesiU and related r.ocks,<^ 





1 


2 


3 


1 . 


$ 


Or..... 


15.01 

11.00 

16.40 

5.11 

23.48 

9.48 

8.58 

3.95 

1.78 


12.23 

13.10 

15.29 

2.84 

21.99 

17.79 

4.87 

6.38 

2.35 


22.8 
11.0 
18.3 

6.5 
23.6 
13.1 

3.5 
.6 

1.0 


13.90 

9.43 

14.73 

11.64 

24.28 

11.11 

4.64 

7.75 

1.34 


13.34 


ab 


14.15 


»^. • •• • ..- 

an 


15.01 


ne 


9.37 


di 


21.86 


ol 


9.73 


mt 


6.73 


il.,: 


■ 8.06 


an 


1.68 


"if ••..«••••...•••••••••••••••••••••••••••••••••••••••"•••••••.••••••••••••••"••••••••••-••♦.« 




R«yt 


94.79 
5.62 


96.84 
2.87 


ioa4 

.5 


98.82 
.88 


i^.93 
.35 








100.41 


99.71 


100.9 


99.70 


100.28 



a The norms of Nos. 2 to 5 are as calculated by Dr. Washington. Nos. 4 and 5 dilTer sHghtly from those originally published by him (loc. cit.). 

The position of the vogesite in the quantitative system is indicated by these data: 

T *i 1 1 

Order: p"~42~4i™^- 120+=5(6), portugare-gallare. 

Rang: — — rwv — ~^~^- 12=3, camptonase-lim burgage. 



Ca(y 



59 



JTQ/ 27 

Subrang: ^ >y =qq=0. 69=3'', ouroee-kentallenoee. 



39 



The symbols of the analogous rocks are: 



2.... III. 5'. 3. 3(4). 
3.... III. 5(6). 3. 3. 



4.... III. 6.(2)3.4. 
5.... III.'6.(2)3.4. 
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The Apishapa rock is near the center of the salf emanes and by its low nephelite falls in the 
perfelic order gallare, but it is transitional to portugare, in which the hornblende-frea vogesite 
comes. Through low alumina and consequent lower anorthite this vogesite is alkalicalcic 
and through less preponderant soda it is sodipotassic. 

Kentallenose and ourose have even fewer known representatives than monchiquose and 
the Apishapa rock has few very close analogues, as the above table shows. 

The motex * of this rock places it in the mineralogic system as a lamprophyre of dominant 
alkaU feldspar with hornblende, augite, and olivine as its mafic siUcates. By the appearance 
of plagioclase the rock approaches the monzonitic series of lamprophyres. 

Comparison of norm and mode. — In this rock, as in the olivine-bearing vogesite, the most 
notable discrepancy between norm and mode is in the lime feldspar. With 16.4 per cent norma- 
tive anorthite the rock has but little plagioclase, while its nearest chemical analogues are char- 
acterized by plagioclase. 

OLIVINE-PIiAOIOCUlSE BASALT. 

____ ^ 

Description. — The basalts of the Apishapa quadrangle are dark, dense rocks, differing 
from the vogesites because of their more distinctly crystalline appearance, due to the develop- 
ment of feldspar. Yet these rocks are so fine grained that only a few crystals of olivine, augite, 
or plagioclase can be clearly recognized by the unaided eye even in the coarsest specimens. 

The microscope shows that the olivine, augite, plagioclase, magnetite, and apatite have a 
development like that most commonly found in typical basalts of dense and nearly holocrys- 
talline texture. Olivine exhibits a tendency to form small phenocrysts, while augite and 
plagioclase are less commonly prominent in this way. But a seriate gradation from largest 
to smallest grains diminishes or destroys the porphyritic appearance. The ophitic relation of 
plagioclase and augite is seldom pronounced. 

Biotite in small leaves is sparingly present in some of these basalts. Brown hornblende 
has not been noted. The interstitial feldspar is orthoclase or an alkali feldspar containing 
both potash and soda. In some dikes this alkali feldspar is almost lacking and in others it has 
a development similar in character though not in importance to that in the olivine-bearing 
augite vogesite. Glass is present in some dikes in clear colorless areas penetrated by mineral 
grains or prisms, but does not assume the rAle, common in basalts, of a base of smoky color 
and globuKtic interpositions. 

Plate VII, -4, represents the appearance of the basalt of which an analysis is given below, 
as seen in ordinary light. The large phenocrysts of rough surface are olivine. Augite appears 
only in the prismoids and grains of much smaller size but forms a large part of the rock. The 
interstitial white areas represent abimdant plagioclase laths and irregular grains of plagioclase 
or alkali feldspar, which are not readily distinguished except when seen in polarized light. The 
greater part of the black areas represent dark-brown biotite and the remainder magnetite. 

Plate VII, By represents the same area as seen in polarized light, the plagioclase laths 
being here much more distinct. 

Chemical composition. — The chemical analysis of the basalt is given in the subjoined table, 
together with those of the nearest chemical analogues of which I have foimd mention: 



1 Motex Is a convanJent term by which to refer to the mode and texture of any rock. Bee H. B. Washington, Am. Jour. Set., 4th aer., yoL 24, 
p. 230, 1907. 
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PHOTOMICROGRAPHS OF ANALYZED PLAGIOCLASE BASALT. 

A. With one nicol; ^, v-ilh crossed nicols. Magnified 51 diameters. 



DIKE BOCKS OP THE APISHAPA QUADRANGLE, COLOBADO. 
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Analyses of olivine plagioclase basalt and related rocls. 





1 




m0 


3 


4 


5 


6 


SiOi 


44.64 

12.82 

3.64 

8.34 

10.05 

10.09 

3.39 

1.76 

1.20 

.36 


44.29 

12.62 

3.61 

8.84 

10.06 

9.23 

3.25 

1.82 

.21 

.00 


44.78 

12.76 

6.42 

8.34 

10.17 

10.23 

3.56 

1.81 

1.42 


45.80 
13.41 
6.89 
6.60 
12.82 
9.91 
8.57 
1.41 


43.76 

11.58 

4.39 

7.57 

12.97 

9.64 

3.03 

1.84 

.47 


45.15 


AljOl 


12.93 


FefOi"."...*.".'.*."!!." ].'.".'.".".. '.'..!!..! .' 


6.26 


FeO 


6.88 


MgO 


11.35 


cia.;.v;;;.;:::::::::::::::::::...: : 


9.97 


Na,0 


2.90 


KjO 


1.76 


H1O+ 


.32 


HiO— 




.29 


COi 


.93 
.25 
.92 




.38 

3.41 

.45 

.14 




TiOi 


1.99 
.90 


4.92 
.57 
.05 
.02 




2.65 


p,o» 


.46 


.73 


80j. 




ZrOj. . . 










8 . . . 








.15 




NiO 










.01 


MnO 


.16 
.14 
.09 


.06 
.04 








.16 


BaO 










SrO 


• 




















99.57 


99.68 


100.50 


99.96 


99.78 


100.36 



a Not determined. 

1. Olivine-plagloclase basalt dike 8 miles east-northeast of North Rattlesnake Butte, Apishapa quadrangle, Colorado. Analyst, Qeor^e Stelger. 

2. Nephelite basanite. Las Flanas, south of Olot, Catalonia, Spain. Analysis and description oy H. S. Washington, Am. Jour. Sd., 4th ser., 
vol. 24,p. 217, 1907. 

3. Basalt, Hdnenberg, Blatt Melsungen, Prussia. Analyst, Steffen. Described by F. Beyschlag, Erl&utenmgen lur geologischen Spexialkarte 
yon Preossen, Blatt Melstmgen, p. 20, 1891. 

4. Basalt, Wostray, near Milieschau, Boheipia. Analy^^t, J. Hanamann. Cited by J. E. Hfbsch. Min. pet. If Itt., vol. 24, p. 274, 1905. 

5. Basalt, Matavuna, flow of 1905-6, Savaii, Samoan Islands. Analyst, Heuseler. IXesoribed by A. Klautsch, Pxeuss. geol. Landesanstalt 
Jahrb., vol. 27 (1907), p. 174, 1910. 

6. Basalt, Mount Terang, Camperdown district, Victoria, Australia. Analjrst, A. A. Topp. Rock described by H. 7. Grayson, Oeol. Survey 
Vfctoria Mem. 9, p. 22, 19ia 

The basalt of the Apishapa quadrangle has a compositiou similar to that of the vogesites 
but is slightly richer in magnesia and richer in soda relative to potash. The total of the alkalies 
is high and the silica low for an average feldspar basalt. 

Classification. — The norms of the basalt of the Apishapa quadrangle and the analogous 
rocks are as follows: 

Norms of olivine-plagioclase basalt and related rocks. 
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The quantitative classification of No. 1 is shown by the ratios cited below: 
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Subrang: «-^Tya=£g=0.345=4, limburgose. 

The symbols of the rocks express the degree of normative resemblance between them. 



1.... 111.^6. '3.4. 
2.... III. (5)6.^3.4. 

37183**— 15 3 



3.... 111.^6.(2)3.4. 
4.... III.6.3.4. 



5.... 111.6.(2)3.4. 
6.... UI.5(6).3.4, 



28 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914. 

The classification by motex places the Apishapa rock among the olivine-plagioclase basalts. 
That it is not a typical feldspar basalt is shown in the discussion of norm and mode. 

Comparison of norm and mode, — While the mode of the basalt of the Apishapa quadrangle 
is more nearly normative than those of the associated vogesites, in that anorthite is at least 
more fully developed in plagioclase, its norm contains a considerable amount of nephelite which 
probably does not appear in the mode. This nephelite shows the basalt to belong potentially 
with the nephelite basanites rather than with the common basalts falling in auvergnose or 
camptonose. The potential significance of this normative nephelite is fortunately illustrated 
in striking manner by the nephelite basanite of Las Planas (No. 2 of table), which is very near 
to the basalt of the Apishapa quadrangle in chemical composition but has less normative 
nephelite. 

The basalts of Htinenberg (No. 3) and Wostray (No. 4) are not described in detail in the 
publications cited, but presumably they contain no recognized nephelite. 

The lava of Matavuna volcano (No. 5) is, according to Klautsch, largely vitreous, but it 
contains labradorite, both in small phenocrysts and in microlites. Klautsch points out a 
chemical similarity between this lava and the nephelinite of Katzenbuckel and the nephelite 
basanite of Hundeskopf . 

The basalt of Mount Terang (No. 6) is also largely glass, but shows some augite and feldspar. 

SODIC DIABASE. 

Three dikes of the Apishapa quadrangle have a general diabasic character in that the 
specimens from them are largely augite-plagioclase rocks with ophitic texture more or less 
distinctly developed. They are of very simple mineral composition, and their principal char- 
acteristic is the highly sodic character of the plagioclase. This appears to be oligoclase or 
oligoclase-albite, no andesine or labradorite having been noticed. 

The rock nearest to common diabase in texture forms a dike 7 miles south-southeast of 
Dripping Spring. It is a gray fine-grained ophitic rock in which the fabric is more evident to 
the unaided eye than in any other dike of the quadrangle, yet few of its largest feldspar and 
au^te crystals exceed 1 millimeter in length. The plagioclase crystals are more nearly euhedral 
than the augite crystals and often penetrate them, but the augite grains are not large enough to 
emphasize the ophitic fabric. 

Plagioclase predominates over augite, to which the other constituents, embracing biotite, 
titanif erous magnetite, apatite, and probably some monocUnic alkali feldspar, are all decidedly 
subordinate. Chlorite, calcite, and analcite (?) are the noteworthy secondary minerals. Ot 
these, chlorite seems to represent, in part, a former prismatic constituent, of much less abimdance 
than augite, which is tentatively thought to have been hypersthene, for augite does not undergo 
visible alteration to chlorite in these rocks, nor does the brown hornblende of other dike rocks 
of the region. OUvine is not present and the long prisms replaced by chlorite are of a form 
not assumed by olivine in the associated rocks. 

Plagioclase, the principal constituent of the rock, occurs in tablets of multiple alibitic 
twinning, appearing very *' dusty'' in ordinary light, but it is really not much decomposed. 
Its refractive index in most sections is near that of Canada balsam but is prevailingly lower, 
and the maximum extinction from the trace of albite twinning plane is about 7®. It seems 
probable that oUgoclase-albite is the term best expressing the composition. Some monoclinic 
alkaU feldspar is probably present, but none was definitely identified. A colorless, isotropic 
mineral of low refraction occurs in small amount, in association especially with calcite and 
chlorite, and is referred to analcite. 

One of these diabasic rocks forms a dike running east from the mesa 5 miles west of Dripping 
Spring. It is similar in texture and grain to the rock just described and diflFers from it in com- 
position mainly in the ^character of the plagioclase, which is more distinctly oligoclase. Biotite 
and hornblende of the same deep-brown color are equally abundant, but are far subordinate to 
pale-green augite. 
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KEIiATIONS OF THE APISHAPA ROCKS TO THE SPANISH PEAKS. 

The dikes of the Apishapa quadrangle belong to a great system of radial dikes, with 
associated sills, which surround the Spanish Peaks, an eruptive center situated 25 miles south- 
west of the border of the quadrangle. (See PI. IV.) The rocks of this center and of the dikes 
and sUls, so far as they occur in the Spanish Peaks, Walsenburg, and El Moro quadrangles, have 
been described in a general way by R. C. Hills, in the folios dealing with these areas. No 
chemical analyses accompanied the descriptions by Hills. The description of the Apishapa 
rocks and especially the four analyses presented in this paper indicate in some measure the 
interest attaching to the rocks of this remarkable center of associated differentiates. A sum- 
mary of the data given by Hills will make this still clearer. 

At the Spanish Peaks there are three great stocks penetrating Eocene beds. The rocks of 
these masses are called by Hills granite porphyry, augite granite porphyry, and augite diorite. 
The granite porphyry is described as containing abundant large phenocrysts of orthoclase and 
quartz and some plagioclase. The groundmass is rich in quartz, partly in micrographic inter- 
growth with feldspar, presumably orthoclase. No mafic constituents are mentioned as present 
in this rock, but it grades within a narrow transition zone into the augite granite porphyry, 
which is characterized by both augite and biotite. Augite diorite is a collective name for some- 
what different rocks variably rich in augite, biotite, hypersthene, plagioclase, orthoclase, and 
quartz. 

On the map of the Spanish Peaks quadrangle Hills represents 240 dikes. A large and 
perhaps equal number are said to occur in the unmapped area west of the center of eruption. 
At 10 or 15 miles from the peaks begins a zone marked by thin sills of rocks like those which 
occur in dikes, and in several places dikes and sills are visibly connected. In the Walsenburg 
quadrangle 70 dikes and 20 sills were mapped, most of which belong to the Spanish Peaks 
system. Ten dikes and several sills occur in the El Moro quadrangle, south of the Apishapa. 

The dike and sill rocks are referred by HiUs to five principal groups, which at their inter- 
sections exhibit certain rather definite age relations. In the folio legends these groups are 
designated '^early monzonite porphyry" (76 dikes), **early lamprophyre" (10 dikes), '4ate 
monzonite porphyry" (13 dikes), ^'late lamprophyre" (88 dikes), and ''basalt" (34 dikes). 

The monzonite porphyries carry both plagioclase aiid alkali feldspar in large amount. In 
the earlier group the mafic constituents are augite and brown hornblende, while in the later 
group these minerals are less prominent than biotite. Quartz is present in the groundmass of 
some of the later porphyries. 

The lamprophyres exhibit great variety in composition both as to feldspars and as to 
mafic silicates. They range "from a near approach to the syenites, at one extremity, through 
the hornblende vogesites and monzonites, to the camptonitic varieties, at the other." A 
basic variety of the earlier group, "containing but little hornblende, shows an abundance of 
biotite, with more or less augite and olivine as phenocrysts, and magnetite in the groimdmass." 
Some of the later lamprophyres are ophitic in fabric. 

Under "basalt" Hills groups various rock types, some of which he says are nearly related 
to certain lamprophyres through abundance of hornblende and biotite and the presence of 
alkali feldspar. There are, however, some "normal basalts," which constitute the only excep- 
tions to "the general statement that alkali feldspars in varying proportions range through the 
Spanish Peaks rocks from one end to the other." No minette is mentioned by Hills as occur- 
ring in either one of the quadrangles surveyed by him. It is evident that the Spanish Peaks 
area is a rich field for detailed petrographic work. 

DISCUSSION OF RESUIiTS, 

It is clear that the chemical and mineral characters of the Apishapa dike rocks illustrate 
some of the most puzzling and important problems of petrology. But while tins is true, the 
great complex of associated rocks at and about the Spanish Peaks must be thoroughly studied. 
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with adequate chemical analyses of many types, before the significance of the facts observed in 
this small number of rocks can be fully appreciated. 

The Apishapa rocks have a considerable range in chemical composition, but very much less 
than is exhibited in the great series to which they belong. Those analyzed are all low in silica, 
but vary as to their bases from the potash-rich minette to a basalt with soda strongly dominant 
over potash. Lime and magnesia are very prominent, and titanic acid appears to be one of 
the notable chemical features. 

The mafic silicates, augite and olivine, are abundant in nearly all the rock varieties; biotite 
is also common and is the leading constituent in the minette, and brown hornblende is strongly 
developed in several types. Of the felsic silicates alkali feldspar is characteristic of the greater 
number of the rocks and plagioclase is quantitatively important in relatively few. 

The modal development of the rocks requires most of them to be classified in the current 
system as alkali feldspar rocks. The vogesites are soda-rich, and so apparently are the dia- 
basic types. Even in some of the basalts alkali feldspar is abnormally developed. The per- 
sistence of alkali feldspars is probably the most notable modal feature of the whole series of 
intrusive rocks about the Spanish Peaks. 

The prominence of the alkali feldspars must undoubtedly lead petrographers accustomed 
to refer all igneous rocks to either an alkalic or a calcic series to assign these rocks to the former 
category. But even the small group in the Apishapa quadrangle has some basalts with little 
alkali feldspar, and it seems altogether probable that the series ranges in fact from alkali-rich 
rocks to those of normal basaltic character — that is, to rocks which are intrinsically equivalent 
to typical basalts of the calcic, subalkalic or ''Pacific series." As has been pointed out in the 
preceding pages, there has been some prevalent condition in the Apishapa region which has 
brought the alkali feldspars into great prominence and obscured for most rocks their potential 
anorthite. It is. true of many rocks of the Apishapa quadrangle, and presumably also of the 
large series about the Spanish Peaks, that they are not so strongly alkali-rich rocks as they 
seem to be from their mode. 

This brings us to the problems of greatest general and theoretical interest presented by 
the rocks under discussion. It has been shown that the nearest known chemical analogues of 
the vogesites and the associated basalt are for the most part rocks of notably different modes. 
This is most striking in the case of the olivine-bearing augite vogesite. These rocks emphasize 
anew the fact that for magmas of intermediate chemical composition, containing all the common 
bases in considerable quantities, there is a great possible range in the minerals which may develop 
on crystallization. Aside from the evident problems of classification under these circumstances, 
there is the more fundamental question as to the genetic significance of the observed relations. 
Are these facts capable of interpretation as expressing other definite natural relations, if not a 
dependence of mineral upon chemical characters ? Are the several mineral combinations possible 
from such magmas as those of the Apishapa district due to conditions attending their differenti- 
ation in various regions, or are they due to variable conditions of consolidation, or to both ? 

For the Apishapa rocks the point of most critical interest relates to the conditions that 
prevented normative anorthite from entering into plagioclase, as it more commonly does in 
rocks of similar chemical composition, and to the place at which these conditions were effective. 
In the oHvine-bearing augite vogesite 13 per cent of normative anorthite has been taken into 
other minerals, most of it going undoubtedly into augite. Such entrance of anorthite molecule 
into augite is common enough, but the conditions under which it takes place are not yet deter- 
mined. 

In his study of the variation in mineral composition of the rocks of Yogo Peak, Pirsson^ shows 
that in a series of rocks ranging from granite porphyry to shonkinite, lime and alumina enter 
into augite apparently in proportion as magnesia acquires a molecular dominance over lime in 
the magmas. In a shonkinite, with 9.2 per cent MgO and 9.7 per cent CaO, there is but 10 per 
cent of plagioclase to 35 per cent of aluminous augite. 

1 Pirsson, L. V., chapter on petrography^ in 0«ology of the Little Belt Mountains, Montana, by W. H. Weed: U. S. OeoL Survey TwenttoCh 
Ann. Kept., pt. 3, p. 567, 1900. 
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Such a control by magnesia does not exist in the Apishapa rocks, for it is in the oKvine- 
augite vogesite with lowest actual and relative magnesia that the anorthite is entirely sup- 
pressed and in the basalt with highest actual and relative contents in magnesia that plagioclase 
is most abundant. Nor is it a question of the amount of normative anorthite, for the hom- 
blende-augite vogesite, with 16.40 anorthite, has little plagioclase, while the plagioclase basalt 
has but 14.18 anorthite, only 1 per cent more than appears in the norm of the plagioclase-free 
vogesite. 

Ignoring the disturbing effect of assimilation of foreign substances and assuming that the 
formation of a series of magmatic differentiates in a given region is a result of certain forces, 
known or unknown, characteristic of that region, we must also recognize that in the course of 
eruption and crystallization these magmas come under the influence of pressure and temperature 
differing from those of the site of deep-seated differentiation, causing more or less pronounced 
reactions. When we consider also the possibilities of the absorption by the magma of various 
potent substances while passing from one place to another, it seems scarcely overdrawn to say 
that a magmatic solution may become the plaything of conditions quite unrelated to those of 
the place of its origin, that these independent conditions may vary in one district from time to 
time, and that they surely must vary from one province to another, when magmas of the same 
chemical composition are involved. 

When a large series of eruptions or intrusions of various differentiates has occurred in one 
province it is conceivable that the conditions attendant on consolidation, though independent 
of those regulating differentiation, may have been so constant as to permit the development 
of some highly characteristic mineral features of the rock series. But the fact that conditions 
of crystallization may vary in one region during a long series of eruptions and are not the 
same, unless by fortuitous coincidence, in different regions where the magmas may have been 
similar must lead to caution in extending over the whole world the generalizations that apply 
to one area. 



THE COMPOSITION OF CRINOID SKELETONS. 



By F. W. Clarke and W. C. Wheeler. 



INTRODUCTION. 

That many rocks, now raised far above sea level, were once marine sediments and that liv- 
ing organisms contributed to their formation are among the commonplaces of geology. It is 
also known that radiolarians, diatoms, and sponges form siliceous deposits; that calcareous 
rocks are derived in part from corals and mollusks; and that crustacean and vertebrate remains 
are largely phosphatic. These facts are established in a broad, general way, but they need to 
be studied in greater detail, so that the fimction of each class of organisms may be more exactly 
known. An investigation of this kind is reported in the following pages. The special problem 
covered by it was suggested by Mr. Austin H. Clark, of the United States National Museum, who 
furnished the specimens for analysis. 

EXISTING CRINOIDS. 

In 1906 H. W. Nichols ^ published a number of analyses of marine invertebrates, and in 
one of them, a crinoid, Metacrinus rotundus, from Japan, he foimd 11.72 per cent of magnesium 
carbonate. This analysis attracted Mr. Clark's attention, and at his request two other analyses 
of crinoids were made in the laboratory of the United States Geological Survey by Chase Palmer, 
who also found that they contained abundant magnesia. These analyses, which were published 
and discussed by Mr. Clark,' will be considered in detail later. They at once suggested that 
crinoids generally might be highly magnesian and so play an important part in the formation of 
magnesian limestones. 

In order to settle this question Mr. Clark supplied us with 22 specimens of recent crinoids, 
representing 19 genera and covering a wide range of localities. These were analyzed by Mr. 
Wheeler, and the analyses confirmed the original supposition. All the specimens contained 
magnesium carbonate in notable proportions but varying in a most remarkable manner. The 
data obtained are in detail as follows, beginning with the list of the specimens studied: 

1. Ptilocrimu pinnattu (A. H. Clark). AlbatroM station 3342, off the Queen C!harlotte Islande, British Columbia. 
Latitude 52*» 39^ W N., longitude 132*» 38' W. Depth of water, 2,858 meters; temperature, 1.83** C. Mean of two 
analyses. 

2. Florometra asperrima (Clark). AlhatrosB station 3070, oflf the coast of Washington. Latitude 47** 29^ 30^' N., 
longitude 125** 43'' W. Depth, 1,145 meters; temperature, 3.28** C. 

3. PsathyroTnetrafragilis (Clark). Albatross station 5032, Yezo Strait, Japan. Latitude 44® 05' N., longitude 145** 
30^ E. Depth, 540-959 meters; temperature, 1.61** C. 

4. Pentametrocrintu japonictis (P. H. Carpenter). Albatross station 5083, 34.5 miles off Omai Saki Light, Japan. 
Latitude 34** 04' 20" N., longitude 137** 57' 30" E. Depth, 1,123 meters; temperature, 3.39** C. 

5. CapUlaster multiradiata (Linn^). Albatross station 5137, Philippine Islands near Jolo, 1.3 miles from Jolo Light. 
Latitude 6** 04' 25" N., longitude 120** 58' 30" E. Depth, 36 meters; no temperature record. 

6. Pachylametra patula (Carpenter). Albatross station 5036, Philippine Islands, Nort^ Balabac Strait, 15.5 miles 
from Balabac Light. Latitude 8** 06' 40" N., longitude 117** 18' 45" E. Depth, 104 meters; no temperature record. 

7. Catoptometra ophiura (Clark). Same locality as No. 6. 



» Field Columbian Mus. Pu ). Ill, p. 31. « U. S. Nat. Mus. Proc., vol. 39, p, 487, 1911. 
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8. Hypalacrinus naresianus (Carpenter). AlhalroM station 5424, Philippine Islands, 3.4 miles off Cagayan Island, 
Jolo Sea. Latitude 9*» 37' 05^' N., longitude \2V 12'' ZV E. Depth, 612 meters; temperature 10.22«* C. 

9. Parametra granulata (Clark). Albatrou station 5536, Philippine Islands, between Negros and Siquijor, 11.8 
miles from Apo Idand. Latitude 9** 15' 45'' N., longitude 123** 22' E. Depth, 502 meters; temperature, 11,95** C. 

10. Craspedometra anceps (Carpenter). Albatross station 5157, 3.3 miles from Tinakta Island, Tawi Tawi group, 
Sulu Archipelago. Latitude 5** 12' 30" N., longitude 119** 55' 50" E. Depth, 32 meters; no temperature record. 

11. PtUometra miilleri (Clark). Sydney Harbor, New South Wales, Australia. Latitude 33** 15' S., longitude 
151° 12' E., approximately. 

12. Hathrometra dentata (Say). Fish Hawh station 1033, off Marthas Vineyard, Mass. Latitude 39** 56' N., longi- 
tude 69** 24' W. Depth, 329 meters; temperature about 7.8** C. 

13. Byihocrinus robustus (Clark). Albatross station 2401, Gulf of Mexico, southeast of Pensacola. Latitude 28** 
38' 30" N., longitude 85** 52' 30" W. Depth, 255 meters; no temperature record. 

14. Crinometra concinna (Clark). Albatross station 2324, north of Cuba. Latitude 23** lO' 35" N., longitude 
82** 20' 24" W. Depth, 59 meters; temperature, 26.17** C. 

15. IsQcriniui deoorus (Wyville Thomson), stem. Off Habana, Cuba. Latitude 24® N., longitude 82** W., approxi- 
mately. 

16. Same as No. 15, arms. ' 

17. Endoxocrinus parrde (Gervais), stem. Off Habana. 

18. Same as No. 17, arms. 

19. Tropiometra picta (Gay). Rio de Janeiro, Brazil. Latitude, 25** 54' S., longitude, 44** W., approximately. 

20. Promachocrinus hergudensis (Carpenter). Shores of the Antarctic Continent in the vicinity of Gaussberg. 
Latitude 67** S., longitude 90** E., approximately. Depth, 350-400 meters; temperature, —1.85** C. Salinity of water, 
3.3 per cent. 

21 . Anthometra adriani ( Bell) . Same locality as No. 20. Nos. 20 and 21 were collected by the German South Polar 
Expedition. 

In the following table the actual analyses are given. The symbol ''R^Oj" represents the 
sum of ferric oxide and alumina, and ' 'Loss on ignition " covers carbon dioxide, water, and organic 
matter, the last being often very high. At the foot of each column the CO, calculated to satisfy 
the bases is given. The deficiencies in summation are mainly due to inclosed or adherent salt, 
an inevitable impurity, as was proved in the analyses of two samples, Nos. 15 and 17.* Analysis 
No. 1 is the mean of two concordant analyses of separate samples. 

Analyses of crinoids. 
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In order to make these analyses more instructive it is necessary to recalculate them into 
such form as to show the composition of the true crinoid skeleton — that is, to eliminate the 
highly variable organic matter of the original specimens. On doing this and recalculating to 
100 per cent, we find that they assume the following form: 

I No. 15 contains 1.27 per cent of water-soluble salts and No. 17 contains 0.21 i>er cent. These raise the summations to 99.66 and 99.54 per cent, 
respectively. 
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Revised aTialyses o/crinoids. 
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85.81 

1.11 


0.05 

.95 

11.68 

86.46 

.86 


0.08 

.10 

10.16 

89.66 

Trace. 


0.47 

.59 

11.08 

87.86 

Trace. 


0.24 

.22 

12.34 

86.93 

.27 


0.21 


R^, 


.24 


IfeCOt 


11.13 


cacoi !.!.!. .."..!!.!.. 


87.94 


CaO'iOi 


.48 








100.00 


100. UO 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


4 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


8iO,. 


5.73 
.56 

9.36 

83.47 

.88 


0.42 

.33 

10.09 

80.16 

Trace. 


0.06 

.30 

11.69 

87.96 

Trace. 


0.03 

.08 

11.60 

88.20 

Trace. 


0.10 

.21 

11.42 

88.27 

Trace? 


0.04 

.21 

11.62 

88.13 

Trace. 


0.17 

.29 

11.96 

87.58 

. Trace. 


0.02 

.43 

11.77 

87.51 

.27 


0.02 

.57 

7.86 

91.55 

Trace. 


0.28 


RiOt 


.44 


IfeCO. 


8.28 


CaCOt 


91.06 


CHiPiOt 


Trace. 










100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



With these analyses the two made by Mr. Pahner may be advantageously compared, 
although they were not quite so elaborate. The data are as follows; 

22. Heliometra glacialia var. maxima. Iwanai Bay, northeastern part of the Sea of Japan, latitude 43^ 01^ 4(K^ N. 
Depth, 315 meters; temperature, surface 20.5^ C, bottom 1.5^ C. 

23. Metacrinus rotundua. Eastern Sea, off Kagoshima Gulf, southern Japan, latitude 30° 58^ 3(K^ N. Depth, 
278 meters; temperature, surface 27.8° C, bottom 13.3° C. 

In No. 22, which contained much organic matter, Mr. Palmer found 2.68 per cent MgO 
(=5.61 MgCO,) and 40.03 CaO ( = 71.48 CaCOj). In No. 23, with no organic matter, he found 
4.89 MgO ( = 10.29 MgCOg) and 49.95 CaO ( = 89.19 CaCO,). Assummg that the crinoid skele- 
tons consist essentially of carbonates, and recalculating to 100 per cent, we have as the content 
of magnesium carbonate in these crinoids — 

No. 22, 7.28 per cent. 

No. 23, 10.34 per cent. 
These figures fit in well with the others and even by themselves suggest a relation between 
temperature and the magnesia content of crinoids. In the following table the entire series is 
arranged in the order of ascending MgCO,, with the accessory data as to latitude and locality 
conveniently abbreviated. In this table the two analyses of Endoxocrinus are averaged together, 
and so also are the two of Isocrlnus. 



Magnesium carbonate in crinoid aheletong. 



No. 



22 
20 

1 
21 

3 
12 

2 
13 

4 

8 
23 

9 

11 

15,16 

7 

14 

19 

17,18 

6 
10 

5 




Latitude. 



Northern Japan. 

Antarctic 

British Columbia 

Antarctic 

Northern Japan. 

^lassachusetts 

Washington 

Gulf of Mexico. . 
Southern Japan. 

Philippines 

Southern Japan. 

Philippines 

Australia 

Cuba 

Philippines 

Cuba 

Brazil 

Cuba 

Philippines 

'.'.'.VAoV.'.'.'''''.'. 



43° N... 
67° S.... 
62° 39' N 
67°S.... 
44° N... 
39° 56' N 
47° 29' N 
28° 38' N 
34° N... 
9°37'N. 
30° 58' N 
9°15'N. 
33° 15' S. 
24° N... 

8°N 

23° 10' N 
25°54'S. 
24° N... 

8°N 

5°12'N. 
6°N 



Depth 
(meters). 


Tempera- 
ture (•€.). 


315 


1.5 


376 


-1.8 


2,858 


1.8 


375 


-1.8 


(?) 


1.6 


329 


7.8 


1,145 


3.3 


255 


(?) 


1,123 


3.4 


612 


10.2 


278 


13.3 


502 


12 


(?) 


(?) 


(?) 


(?) 


104 


(?) 


59 


26.2 


(?) 
(?) 


(?) 


?) 


104 


32 


?) 


36 


(?) 



Percent 
MgCOs. 



7.28 

7.86 

7.91 

8.23 

9.26 

9.36 

9.44 

10.09 

10.15 

10.16 

10.34 

1].08 

11.13 

11.66 

11.68 

11.69 

11.77 

11.79 

12.20 

12.34 

12.69 
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From the foregoing table it is perfectly clear that the proportion of magnesium carbonate 
in crinoids is in some way dependent on temperature. Temperature, however, is not entirely 
dependent on latitude. Depth of water has also a distinct influence. The crinoids from rela- 
tively shallow depths in the Tropics are highest in their magnesian content; those from the 
Antarctic and the far north are lowest. The proportion given for No. 12, from the coast of 
Massachusetts, is probably too low, for the specimen as analyzed contained over 6 per cent of 
silica and sesquioxides — evident impurities, due to adherent mud from which the delicate struc- 
ture could not be wholly freed. If these are rejected, the MgCOj is raised from 9.36 to 10 per 
cent, which gives the crinoid a better and more probable rating. 

So far as we are aware such a peculiar relation between temperature and composition as 
is here recorded has not been previously observed. To recognize it is one thing; to account 
for it is not so easy. At first we supposed that it might possibly be due to a difference in the 
form of the more abundant carbonate — the less stable aragonite in the warm-water forms and 
calcite in the crinoids from colder regions. But tests by Meigen's reaction proved that the 
organisms were all calcitic, and so this supposition had to be abandoned. 

Mr. A. H. Clark, who is an authority on the crinoids, has stated to us that they are excep- 
tionally we^l suited to a study of the kind recorded here, "for the skeleton is always entirely 
internal and rrotected from the surrounding water by living tissue; so that whatever altera- 
tion it may undergo after its original deposition can not be influenced by the water in which 
it lives." He has also pointed out that the crinoids from warm regions have the most com- 
pact skeletons; the compactness being in general proportional to the temperature and also to 
some extent dependent upon the size of the individual. Heliometra, for example, is the largest 
of the crinoids, its skeleton is one of the least compact, and its magnesian content is lowest 
among all the species examined. Structure as well as temperature seems to be correlated with 
the proportion of magnesia in the crinoids, but the chemical explanation of the facts is yet to 
be found. 

Only one other group of marine organisms, so far as is now definitely known, is con- 
spicuous for its relative richness in magnesium carbonate, namely, the calcareous algae, as 
shown in an investigation by Hdgbom.^ In 11 analyses of algsB belonging to the genus Litho- 
thamnium he found magnesiimi carbonate in proportions varying from 3.76 to 13.19 per cent. 
No temperature relation, however, appeared in his series of analyses. The highest figure was 
obtained in a specimen from the Arctic Ocean, the next highest in one from Bermuda, and the 
lowest in one from the Java Sea. Three analyses of fossil algse gave even lower magnesia than 
was found in the living forms. The average proportion was near that found among the crinoids. 
It is highly desirable that both groups of organisms should be studied more completely and 
with every precaution against error. Crinoids from European, especially Mediterranean waters, 
from the coasts of Africa and South America, and from the Indian Ocean might be analyzed 
to much advantage. One caution, however, is needed: only alcoholic material should be used. 
Specimens preserved in formalin, which tends to become acid, are of doubtful value in a research 
of this kind. All the crinoids studied in the present investigation had been preserved in 
alcohol. 

FOSSIL CRINOIDS. 

In order to make this investigation more systematic it seemed desirable to analyze a 
number of fossil crinoids, so as to determine whether any definite and regular changes could 
be traced in passing from the recent to the ancient organisms. For the material studied we 
are indebted to the kindness of Mr. Frank Springer, who selected the material with great care 
so as to cover a range of horizons from the Lower Ordovician up to the Eocene. The 10 crinoids 
chosen are described in the list on page 37, and the analyses which follow were made in the 
same way as those of the modern species. 

1 Neues Jahrb., 1894, vol. 1, p. 262. 
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1. Pentaainus decadactyhu (D'Orbigny), stem. Eocene, Vincenza, Italy. 

2. Millericnnus mespili/ormis (Goldfuas), stem. Upper Jurassic, Kelheim, Bavaria. 

3. Pentacrinus basalii/ormis (Miller), stem. Middle Lias (Lower Jurassic), Breitenbach, Wurttembeig, Germany. 

4. Encrinus lilii/ormia (Lamarck), stem. Triassic, Braunschweig, Germany. 

5. Graphiocrinus magnificus (Miller and Gurley), complete crown. Pennsylvanian (upper Carboniferous), Kansas 
City, Mo. 

6. Doryerinus unicamia (Owen and Shumard), calyx and stem. Lower part of Burlington limestone, Mississippian 
(lower Carboniferous), Burlington, Iowa. 

7. MegUtocrinus nodosus (Barns), plates. Middle Devonian, Alpena, Mich. 

8. Etuxdyptocrinua crasaus, plates. Silurian, western Tennessee. 

9. Crinoid sp.7, stem. Trenton limestone, Middle Ordovician, Eirkfield, Canada. 
10. I>iabolc>crinus veaperalia (White), plates and stem. Lower Ordovician, Tennessee. 

Analyses of fossil crinoids. 



SiO, 

R.Oi 

FeO 

MnO 

MgO 

CaO 

PtO». 

Loss on Ignition 



1 


2 


3 


4 


5 


6 


7 


8 


9 

• 


la 


0.99 
2.64 
1.36 


2.84 

.28 

None. 

None. 

.38 

53.68 

Traoe. 

42.93 


1.56 
2.50 


0.24 

.43 

None. 

Trace. 

9.44 

43.40 

Trace. 

45.05 


3.07 

2.18 

1.32 

.15 

.78 

50.10 

Trace. 

41.71 


6.92 

.64 

None. 

Trace. 

.38 

51.20 

Trace. 

41.00 


10.39 

.87 

1.19 

.16 

1.21 

46.57 

Traoe. 

39.20 


29.11 

1.73 

.27 

.04 

.58 

37.43 

None. 

30.71 


2.56 

.31 

None. 

Trace. 

.91 

63.87 

Trace. 

42.45 


4.17 

1.06 

.88 


.13 




.04 


.78 

51.22 

None. 

42.80 


.84 
51.78 

.09 
43.21 


.79 

50.42 

Trace. 

41.53 


99.92 


100.11 


100.06 


99.46 


99.32 


100.14 


99.59 


99.87 


100.10 


99.68 



Revised analyses of fossil crinoids. 



810,.... 
R,o,... 

FeCO,.. 
MnCOs. 
MgCO,. 
CaCOi.. 
Ca«P|Ot 



1.00 

2.66 

2.21 

.21 

1.66 

92.26 

None. 



100.00 



2 



2.85 

.28 

None. 

None. 

.80 

96.07 

Traoe. 



100.00 



3 



1.57 
2.64 



1.79 

93.80 

.20 



100.00 



0.24 
.44 

None. 

Trace. 
20.23 
79.09 

Traoe. 



100.00 



3.11 

2.22 

2.16 

.24 

1.66 

90.61 

Trace. 



6 



6.94 

.64 

None. 

Trace. 

.80 

91.62 

Traoe. 



100.00 



100.00 



10.48 

.88 

1.94 

.26 

2.56 

83.88 

Trace. 



100.00 



8 



29.30 

1.74 

.43 

.06 

1.23 

67.24 

None. 



100.00 



9 



2.55 

.30 

None. 

Trace. 

1.90 

95.25 

Traoe. 



100.00 



10 



4.10 

1.97 

1.42 

.06 

1.67 

90.78 

Trace. 



100.00 



In some respects these analyses are unsatisfactory, for they show no regularities of any 
kind. In only one of them, No. 4, is there exhibited a concentration of magnesium carbonate; 
in the others the percentage of this constituent is very low. The reason for this falling off of 
mJEignesia is by no means clear. It is conceivable that the ancient crinoids may have been 
deficient in magnesia, but it is more probable that the loss is due to alteration, perhaps to the 
infiltration of calcixmi carbonate. Such a change would obviously lower the apparent pro- 
portion of magnesium carbonate. Several of the crinoids contain noteworthy quantities of 
ferrous carbonate and manganese — constituents which did not appear in the analyses of the 
modern species. In No. 8 there is a very strong silicification, 29.11 per cent; but the matrix 
of the specimen contained only 7.55 per cent of silica. Here again the infiltration of the impurity 
seems to be very clear. Some of the deficiencies in magnesia may have been caused by solution 
and leaching, but calcium carbonate shoiild then have been removed to a greater extent. In 
short, the fossil crinoids differ widely in composition from the still living species, and in a very 
irregular manner, and it is worth noting that in three analyses of fossil algsB reported by Hdgbom * 
a similar falling off of magnesia appears. It would be easy to speculate on the significance 
of these differences, but the conclusions so reached would not be entitled to much weight. That 
the recent crinoids are distinctly magnesian and that the proportion of magnesia is dependent 
in some way on temperature are the two positive results of this investigation. 



1 Loc. cit. 



CONTRIBTTTIONS TO THE STRATIGRAPHY OF SOUTHWESTERN 

COLORADO. 



By Whitman Cross and Esper S. Larsen.* 



INTRODUCTION. 

In the course of field work of the United States Greological Survey in the San Juan region 
of Colorado observations have been made in the last three seasons that considerably extend our 
knowledge of the great stratigraphic break below the La Plata sandstone, which is currently 
assumed to be of Jurassic age. The new data pertain partly to the relations existing in the 
Gunnison Valley, north of the San Juan Mountains, where the unconformity marking this break 
was already known at certain places, and partly to the conditions in the Piedra Valley, on the 
south side of the mountains, where the unconformity had not before been noted. The Piedra 
Valley is of special interest, and it seems well to call attention to the relations observed even 
though they were examined only in a reconnaissance. The first part of this paper is devoted 
to the evidence of the overlap of the La Plata sandstone; the second to the stratigraphic relations 
in the Piedra Valley. 

The section of sedimentary formations in Piedra Canyon is of much interest because none 
of the pre-La Plata formations are known east of this locality on the south side of the San Juan 
Mountains. Most of these formations exhibit a notably different facies where they reappear 
from beneath the overlying beds at their nearest exposures in New Mexico, southeast of the 
Piedra Valley. It is believed that the character of the formations in the Piedra section should 
be recorded for the benefit of geologists who may be studying the Paleozoic and Mesozoic rocks 
of New Mexico, and accordingly the second part of the paper presents details of the structure 
and the stratigraphic section of Piedra Valley. 

THE STRATIGRAPHIC BREAK BELOW THE LA PLATA SANDSTONE. 

GENERAL RESULTS OF THE HAYBEN SURVEY. 

The Hayden Geological Survey established the existence of great stratigraphic breaks in 
the central and western mountain regions of Colorado below both Triassio and Jurassic forma- 
tions, and a corresponding overlap is also represented on the Hayden map of western Colorado 
as occurring at the base of the Dakota Cretaceous. The map represents this break as being 
particularly prominent along the Gunnison Canyon, between the town of Gunnison and Vernal 
Mesa. The shales of Colorado age, belonging to the formation now distinguished in western 
Colorado as the Mancos shale, are also represented as overlying the pre-Cambrian rocks east of 
Gunnison, on both sides of Tomichi Creek, and as abutting against the gneisses and schists of 
Vernal Mesa in primary contact. 

The overlap of the Cretaceous formations upon the pre-Cambrian in this region, as shown on 
the Hayden map, is in accord with the view expressed by A. C. Peale,' that "The Archean 
area along the northern edge of the San Juan Mountains and south of the Gunnison River 
probably formed a shore line in Cretaceous times.'' 

F. M. Endlich was the geologist who visited the area within which the "Colorado" shales 
are represented by the Hayden map as lying on granite, in the valley of Tomichi Creek, for a 
distance of about 15 miles above Gunnison. As we shall explain more fully later on, he found 
other sediments beneath the shales of this area, which are not shown on the map. 

1 The authors wish to acknowledge the efficient assistance of J. Fred Hunter in the field worlc on which this paper is baaed. 
« U. 8. Oeol. and Oeog. Survey Terr. Ann. Rept. for 1875, p. (», 1877. 
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The oontacb of Cretaceous shales and pre-Cambrian rocks on Vernal Mesa, thought by 
Peale ^ to be of primary origin, is now known to be a fault contact in a zone of complex folding 
and fracturing, the details of which have been shown by the tunnel of the Uncompahgre irrigation 
project. 

THE OVERLAP IN THE QUNNISON VALLEY. 

The assumed overlap of the Dakota sandstone in the Gunnison Valley is unquestionably 
explained by the fact that Peale and other Hay den Survey geologists included in the Dakota 
several hundred feet of beds that belong in the Gunnison formation (Jurassic?) of Eldridge, 
embracing equivalents of the McEimo and La Plata formations of the San Juan region, a fact 
clearly shown by Peale's section of the assumed Dakota occurring in Gunnison Canyon about a 
mile above Sapinero.' This section embraces 536 feet of strata, which are described as pre- 
dominantly sandstone, with some shaly beds and thin limestones. The upper member of 
Peaie's section, 100 feet thick and described as "massive yellow siliceous sandstone,'' is all that, 
in our opinion, belongs in the Dakota. In mapping the Uncompahgre quadrangle we have 
examined this and many other sections of the Gunnison Canyon, and we assign to the Dakota a 
thickness of about 100 feet. It has the character common to it over large areas of western 
Colorado, which have been examined by several parties of the Geological Survey in recent years. 
A thin remnant of Mancos shale in some places lies between the Dakota and overlying volcanic 
rocks. 

The beds beneath the Dakota sandstone in the Gunnison Valley are largely sandy, as 
Peale has stated, but shaly beds of red, lilac, green, or yellowish colors are in many places well 
developed between the sandstones. At its base the sandstone is thicker and more massive, 
and this portion undoubtedly corresponds to the La Plata sandstone, as distinguished in the 
San Juan Mountains area and the adjacent portions of the plateau country to the west. The 
La Plata is also well developed in the Uncompahgre Plateau and the Uncompahgre Valley. 

In the wild lower canyon of the Gunnison, between Cimarron Creek and Smiths Fork, the 
Hayden map represents a thin Jurassic formation as appearing between the Dakota sandstone 
and the gneisses and schists, but farther down the canyon a thin Triassic formation appears in 
similar manner between the Jurassic and the crystalline rocks. This makes the section of the 
lower Gunnison Canyon correspond with that of the eastern flanks of the Uncompahgre Plateau, 
30 miles to the west. But though Peale' refers to his Jurassic formation as appearing beneath 
the Dakota at a certain point and thickening toward the north, he was unable to examine the 
section in detail, and it seems reasonable to assume that if these beds are Jurassic they belong 
in the Gunnison formation with the greater part of the section above them, included by Peale 
in the Dakota. They may illustrate the progressive overlap of succeeding beds of the Gunnison 
on an uneven floor of crystalline rocks. 

The age of the supposed Triassic rocks of the lower Gunnison Canyon has not been deter- 
mined by fossils or by close Uthologic correlation with known Triassic rocks of similar position 
in the Uncompahgre Plateau, and it must be remembered that Eldridge found that the Gun- 
nison formation in the southern Elk Mountains ( = La Plata +McElmo) rests imconformably 
on red strata of the Maroon conglomerate (Carboniferous)/ and in the Uncompahgre Valley 
below Ouray both Triassic and Permian (?) beds occur between the La Plata and the Car- , 
boniferous.* 

Coming now to new data bearing on the character of the great overlap shown in the 
Gunnison Valley, we may say that our observations during the last few years have demon- 
strated the presence of the Gunnison formation between the Dakota and the pre-Cambrian ail 
along the Gunnison Canyon and also in the valley of CeboUa Creek, the southern tributary of 
the Gunnison called ^* White Earth River" on the Hayden map. During the survey of the 
Uncompahgre quadrangle in 1911 it was found that the lower member of that formation, now 

I U. S. Geol. and Geog. Survey Terr. Ann. Rept. for 1874, p. 132 and PI. VII; flg. 2, facing p. 97, 1876. 

>U. S. Geol. and Goog. Survey Terr. Ann. Rept. for LH74, p. 131, 1870. The section la referred to as "beneath station 73"; the location is 
sho^'n on the map facing p. 170 and the profile in fig. 1, PI. XIV, facing p. IG9. 
• U.S. Geol. and Geog. Survey Terr. Ann. Rept. for 1874, p. 12(i, 187(5. 
< V. S. Geol. Survey Geol. Atlas, Anthracite-Crested Butto folio (No. 9), 1894. 
» Idem, Ouray folio (No. 153). 1907. 
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called the La Plata sandstone, extends for 16 miles up the ridge east of the Cebolla, overiying 
a variety of pre-Cambrian rocks. In some places the McElmo beds are preserved above it; 
in a few others there are also remnants of the Dakota sandstone. Tertiary volcanic rocks overlie 
all these sediments. 

East of Cebolla Creek the Gunnison beds probably extend continuously underneath the 
volcanic rocks to the valley of Cochetopa Creek. They are exposed north of Agency Peak and 
on the ridge west of the Cochetopa, where the Hayden map represents the volcanic rocks. 
About 12 miles south of Tomichi Creek the Gunnison beds cross the Cochetopa and pass under 
the Dakota sandstone on its eastern bank, in the area where the Hayden map represents Colorado 
shales as resting on granite. The shales occur in this region but are restricted to the higher 
country several miles south of the Tomichi. 

In Razor Creek valley, next east of the Cochetopa, nearly 1,000 feet of Mancos shale is 
locally preserved beneath the volcanic rocks. In an eastern branch of that stream not shown 
on the Hayden map a fault brings up the Dakota, the Gunnison, and the underlying granite in 
a small area nearly surrounded by volcanic rocks. 

In the extreme eastern part of this sedimentary area, which is traversed by Tomichi Creek, 
the Dakota and Gunnison formations are everywhere present beneath the Mancos shale. 
Moreover, these formations occupy a somewhat larger area than is assigned to them on the 
Hayden map, especially on the north and east. The hills and smooth-sloped ridges near the 
Tomichi are in most places formed of the soft McElmo strata, though rhyoUtic tuff occurs 
in certain hills. The Dakota maintains its usual character and thickness, and from its supe- 
rior induration it is everywhere the most prominent of these formations. On the northwest 
slope of Tomichi Dome it has a measured thickness of 80 feet. 

Near Tomichi Creek some low cliffs, which appear at about the horizon where the Dakota 
might be expected, are of rhyoKte. The volcanic rocks rest on a very uneven surface and are 
ilot readily recognizable at a distance. Moreover, the sediments are gently folded, and this 
adds to the difficulty of tracing formation boundaries in reconnaissance work. 

The Gunnison formation is rarely well exposed. The lower sandstones, which in the 
western part of the area are so prominent as to suggest a correlation with the La Plata sand- 
stone, are thin or entirely absent in the eastern part. The formation here exceeds 200 feet 
in thickness in but few places. Northwest of Tomichi Dome its thickness was found to be 150 
to 175 feet. It consists chiefly of reddish and greenish shales, sandstone being very subordinate. 

The decided thinning of the Gunnison formation eastward suggests that it may not have 
been everywhere present beneath the Dakota in the central moimtain region of Colorado. The 
change in lithologic character here noted indicates that this thinning was due to nondeposition 
of the normal section in the area under discussion and not to unconformity caused by erosion. 

As to the structure exhibited by the Mesozoic formations in the basin of Tomichi Creek it 
is sufficient to say that for about 20 miles east of Gimnison the creek flows in a syncline, the 
strata dipping at high angles toward it from the north and south. But the limitation of the 
formations on the east is due to a steep upturning of the beds. The Dakota and Gunnison 
beds assume westerly dips of 80° or more and are In some places overturned. On the north 
side of Tomichi Creek the gradual change from a low southerly dip can be observed in the area 
northeast of Tomichi Dome, but on the south side of the creek the lower beds hold their steep 
dips until they disappear beneath the volcanic rocks. 

In regard to the Paleozoic sediments, the representation on the Hayden map of Tomichi 
Dome as "Lower Carboniferous '' is incorrect, for the dome is made up of a plug of rhyoHte, about 
a mile across, intruding Mancos shale. Moreover, Paleozoic sediments, not shown on the 
Hayden map, form most of the basin of Indian Creek, the fork of Marshall Creek which enters 
from the north about 4 miles southeast of the town of Sargents. The Paleozoic beds are thus 
known within 5 miles of Marshall Pass. About 600 feet of these beds are exposed over the pre- 
Cambrian in this area, and the section is similar to that of Fossil Ridge, where the Carbon- 
iferous is represented on the Hayden map. The beds dip about 20° S. and on the east, west, 
and south are overlain by volcanic rocks, while on the north they overHe the pre-Cambrian 
rocks. 
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The error of the Hayden map in representmg Colorado shales on pre-Cambrian east of 
Cochetopa Creek is perhaps entirely cartographic. It is certainly not entirely due to incorrect 
observation, for the map does not agree with Endlich's statements concerning the distribution 
of the Cretaceous formations in Cochetopa and Tomichi valleys, nor with his profile sections 
through this region.* He repeatedly refers to quartzites under the shales as probably ''Lower 
Cretaceous/' but they were omitted from the map prepared some years later. The name 
Dakota does not appear to have been applied to these sandstones at the time of EndUch's report. 

SAN JTJAN MOX7NTAINS ABEA. 

The representation of the Hayden map by which Triassic, Jurassic, and DaJ^ota Cretaceous 
beds are shown to overlap and in turn come in contact with the pre-Cambrian in canyon branches 
of Cimarron Creek, north of Uncompahgre Peak, is wholly hypothetical. There are no such 
exposures in these canyons, for the volcanic rocks descend to the streams. Yet an overlap of 
this general character for the La Plata sandstone must exist beneath the volcanic rocks between 
the Gunnison Canyon at the mouth of Blue Creek and the Uncompahgre Valley below Ouray. 
EndUch, who was responsible for this part of the Hayden map, understood the nature of 

the overlap existing beneath the volcanic 
rocks, but drew on his imagination for the 
exposures to express it. In the Ouray 
quadrangle the La Plata is found on the 
Dolores (Triassic) formation, and beneath 
the Dolores is the complete known sedi- 
mentary section of the San Juan region 
from the Cutler formation (Permian?) to 
the Ignacio quartzite (Cambrian). The 
beginning of the overlap is near the Uncom- 
pahgre, however, for on Cow Creek, one of 
its eastern tributaries, the La Plata rests 
with angular unconformity on Cutler beds,- 
the Dolores and an unknown amount of the 
Cutler being missing. 

The * sedimentary sections of the San 
Juan Mouintains district from the Uncom- 
pahgre Valley, on the north, around the 
western slopes and eastward on the south- 
ern side as far as Pine River agree in showing the La Plata sandstone resting on the Triassic red 
beds (Dolores formation), the full Paleozoic sequence of the region occurring in most places. 
The details of these relations are described in the Ouray, Telluride, Rico, La Plata, and Engineer 
Mouintain folios of the United States Geological Survey. At many localities, however, the 
sandstone of the Dolores formation beneath the La Plata has been much eroded, causing local 
unconformities. 

As stated in the Engineer Moimtain and Needle Moimtains folios, the great overlaps shown 
on the Hayden map in the Animas Valley and east of it are not to be found as represented. 
Our recent work has shown, however, that about 25 miles east of the Animas, on the west side 
of Wiminuche Creek, both faulting and earlier overlap are plainly exhibited nearly on the 
northeast-southwest line where the Hayden map represents '^ Upper Dakota" beds in original 
contact with ^'Metamorphic granite.'' In the small portion of this area that lies in the San 
Cristobal quadrangle, north of S?*' 30', the fault mentioned brings Dolores (Triassic), La Plata 
(Jurassic), and McElmo (Jurassic?) beds successively into vertical or steeply inclined position 
against pre-Cambrian rocks on the northwest. A coarse granite is the chief of these older 
formations, but gneiss and Algonkian quartzite also appear in Wiminuche Valley near the point 
where the fault disappears under the later volcanics. The relations of Wiminuche Creek, Piedra 
Canyon, and other localities mentioned are shown in figure 2. 




FiouBX 2.— DzBloAge map of a part of the Piedra Valley, Colo. 



1 U. S. Oooi. and Oeog. Survey Terr. Ann. Rept. for 1873, Pi. XIV, pp. 341-342, 1874. 
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Farther southwest this fault is lost under glacial drift and a thick forest cover, but on the 
east and southeast slopes of Graham Peak, a granite mountain near by, which is unnamed on 
the Hayden map but assigned an elevation of 12,836 feet, small remnants of quartzite and 
greenish shales rest on the granite northwest of the fault line. These beds dip gently to the 
southeast. Their character suggested to us that they belong to the La Plata and McElmo 
formations, and the exposures of the Piedra Canyon, to be described, practically prove this 
correlation to be correct. The fault probably passes into a fold within the area shown in 
figure 2, but time was not available for an examination of the district where this change pre- 
sumably occurs, nor were we able to examine the country southwest of Graham Peak, where the 
overlap of the La Plata sand&ftone over the whole section of older sedimentary formations must 
apparently occur within a few miles. 

The Hayden map is also incorrect in its representation of the geology of Piedra Canyon 
and lower Wiminuche Valley and of the slope between Piedra River and the granite divide 
to the northwest, which is colored as entirely occupied by th-e ^^Upper Dakota." Endlich, 
who mapped this district, usually applied this term to the strata still called thpe Dakota sand- 
stone, and at most a few hundred feet of lower beds. In the area referred to, however, the 
valleys and canyons on the dip slope have a depth of more than 1,000 feet, and as the true 
Dakota is less than 200 feet thick in this region lower formations are naturally exposed. It 
is in the canyon sections that the overlap to be described is so clearly exhibited. 

A traverse down Wiminuche Creek to Piedra River and down the canyon of the Piedra 
foi 6 miles to the mouth of the second laige tributary from the northVest, called ^* First Fork," 
revealed a most interesting structural and stratigraphic complexity, which is described in some 
detail on pages 44-46 of this paper. Within a few miles the river cuts across a monocline 
and two anticlinal uplifts, exposing three areas of pre-Cambrian rocks, which jare overlain by 
somewhat different sections of the Paleozoic and Triassic formations, and these in turn aiie 
covered in marked unconformity by the La Plata sandstone. Above this come the McElmo 
and Dakota formations, the DaScota forming the rim rock of a warped and dissected plateau. 

The northeastern of these eroded uplifts reveals the Jja Plata reding on granite or Algon- 
kian schist; the middle one exposes the same pre-Cambrian formations* but shows a varying 
Paleozoic section between them and the La Plata; the southwestern uplift was seen only from 
a distance, but it also appears to have a pre-Cambrian core in the rugged canyon below First 
Fork, and Paleozoic formations must be present, though perhaps in an incomplete section. 

From the evidence here presented it appears that the overlap of the Gunnison formation 
on the pre-Cambrian rocks extends at least 50 mile? farther up the valleys of the Gunnison 
and Tomichi than was represented for the Jurassic beds on the Hayden map. It takes the place 
of the assumed transgressions of the Dakota sandstone and ''Colorado" shale. Eldridge has 
shown that the Gunnison extends northward through the Elk Mountains in marked uncon- 
formity with the Paleozoic formations.^ The relations in the Piedra Valley suggest that the 
La Plata sandstone overlapped earlier sediments and came into contact with the pre-Cambrian 
rocks along a general north and south line, crossing the San Juan Mountains area. Piedra 
Canyon is about 75 miles south of Gunnison River, and it seems not unlikely that the area of 
the La Plata overla'p extended eastward through the present mountain district to the San Luis 
Valley. The suggestion has been entertained that tiie strata known as the Gunnison forma- 
tion on the western slope and the Morrison formation on the eastern slope were once continuous 
deposits, having been connected across the area of the Sawatch Mountains and perhaps also 
across the areas of the Sangre de Cristo, the Arkansas Valley, and the district south of South 
Park. Although it is difficult to outline land areas in central and southern Colorado where 
the Morrison or Gunnison beds were not deposited, or to prove that there were any such areas, 
the thinning of the Gunnison formation eastward, as described on page 41, indicates that the 
two formations may never have been continuous. 

1 Eldridge, O. H., U. S. Cfcol. Survey Geol. Atlas, Anthracite-Crested Butte folio (No. 9), 1894. 
37183**— 15 4 
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It is the current practice of the Geological Survey to refer the La Plata sandstone to the 
Jurassic because strata believed to be its equivalent occur in Utah beneath marine Jurassic beds. 
This reference does not require the assignment of the McElmo and Morrison formations to the 
Jurassic. It seems, however, to indicate that sedimentation may have continued in Colorado, 
with no considerable interruption, from Jurassic through Lower Cretaceous time. 

STRATIGRAPHIC REIiATJONS IN THE PIEDRA VAIiIjEY. 

STRUCTUBE OF THE THPFER MESOZOIC FORMATIONS. 

The Mesozoic formations exposed in the lowlands adjacent to the San Juan Mountains, in 
the area traversed by San Juan and Piedra rivers, exhibit many gentle folds and minor faults 
which can be grouped in no definite systems. These structural features are brought out by the 
Dakota sandstone in characteristic ledge outcrops on steep slopes and along the walls of small 
canyons, or by undulations where it serves as the sustaining floor of many nearly level stretches 
between streams near the mountains. Such rolls and small faults are especially *well shown 
near Pagosa Springs, where several small streams have cut through a thin mantle of Mancos 
shale and revealed the underlying Dakota. 

The McElmo and La Plata formations must take part in these minor structures, but erosion 
has not revealed them, so far as known, in the valleys east of the Piedra. The structure shown 
inmiediately adjacent to Piedra Canyon is rudely expressed in figure 3. It will be noted that 
the La Plata, and with it the overlying beds, has been warped by three low folds. The one best 
ahown in the figure lies between Sand Creek and First Fork. The fold southwest of First Fork 
is probably still more striking, for it is plain that the La Plata, McElmo, and Dakota formations 
must all disappear beneath the Piedra, by southwesterly dips or faulting, within 4 or 5 miles of 
Fiist Fork. These low folds of the La Plata are located, at least in a general way, above more 
pronounced folds of pre-Jurassic formations, to be described under the next heading. 

The structure of the underlying beds probably had much to do with the location of the later 
minor folds of the La Plata along the Piedra, for many small faults in younger formations in the 
San Juan region represent renewed movement on fault planes along which older formations have 
been more extensively dislocated at^ome much earlier period. It seems reasonable to suppose 
that the same is true of the folds, and the -gentle .flexures of the Piedra appear to be the results of 
such repeated movement, but further studj is necessary to ascertain definitely the relations of 
the folds in this region. 

Mention has been made (p. 42) of a major fold-fault of southwe^northeast trend that 
crosses the Wiminuche north of the area shown in figure 2. Whether this movement was syn- 
chronous with the minor flexures here referred to is not known. 

THE "Ul^CONFOBJilTY BELOW THE LA FLATA SANDSTONE. 

The character of the unconformity may be more clearly brought out by describing in some- 
what greater detail the relations so well exhibited in the Piedra Valley and its branches below 
the mouth of Wiminuche Creek. The Piedra itself first cuts through the La Plata sandstone 
about a mile above the mouth of that creek. The La Plata there dips very shghtiy to the south- 
east and rests on steeply upturned shales, schists, and thin quartzites of the Uncompahgre 
(Algonkian) formation. These relations are brought out by the view given in Plate VIII. The 
schists are much decomposed and their appearance indicates that they had long been subjected 
to weathering before the deposition of the La Plata. 

In the angle between Piedra and Wiminuche Creek the base of the La Plata lies about 200 
feet above the junction of the streams. It runs up the Wiminuche with nearly regular position, 
crossing it at about a quarter of a mile above Little Sand Creek, and in this distance it crosses 
an ill-exposed contact between the Uncompahgre strata and a great intrusive mass of coarsely 
porphyritic granite, regarded as a part of the Eolus granite, which occupies a large area in the 
Needle Mountains. There may be a fault contact at this point. 
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Below Wimitiuche Creek the base of the La Plata descends gradually, with very gentle 
undulations, keeping from 100 to 200 feet above the river, to the point of the ridge east of 
Sand Creek. The Uncompahgre beds underlie the La Plata in the Piedra Canyon with a general 
northwestern dip of 43°-45°, to a point about a mile below the mouth of Wiminuche Creek, where 
they disappear beneath the lower Paleozoic formations, which dip about 11° SW. These beds 
belong to the northeastern limb of a shallow syncline, the opposite side of which rises more 
steeply beyond Sand Creek. 

Owing to this older structure the La Plata overlaps discordantly the formations from the 
Elbert? (Devonian?) to the Hermosa (Pennsylvanian), and at the point of the ridge east of Sand 
Creek it lies on Hermosa beds several hundred feet above the base of the formation, with an 
angular unconformity rudely illustrated by figure 3. 

Sand Creek is nearly in the trough of the syncline just referred to, and it has cut below the 
La Plata for its entire length. The gradient of the stream is equal to the southeastern dip of 
the La Plata sandstone, about 4°, so that the base of the sandstone keeps its position, from 
100 to 200 feet above the stream, for over 7 miles from the Piedra. The underlying Hermosa 
also persists until the great fold-fault alluded to on page 42 is approached. Where the lower 
beds turn up adjacent to that fold the creek cuts through them into granite. 

Somewhere in the region near Graham Peak the La Plata again overlaps the lower Paleozoic 
formations, but a heavy cover of forest and old glacial gravels obscure these relations and no 



FioiniB 3.~Dlagrainiiiatic section along the northwest side of Piedra Canyon, Colo. 

exposures of the unconformity were found. Erosion may have removed the La Plata from 
the rather narrow zone in which it might otherwise be present. 

The divide at the head of Sand Creek and farther north is in the Eolus granite, and the base 
of the La Plata turns up sharply on the higher slopes and swings around to the northeast where 
the fold merges into the Wiminuche fault. On some of the ridges of these upper slopes north- 
west of the fault remnants of the La Plata sandstone overlie the granite. 

Below the mouth of Sand Creek the La Plata sandstone assumes a northeastern dip and 
in a distance of less than a mile its base rises 1,000 feet above the bed of Piedra River. It 
then turns gently to the southwest and east of the mouth of First Fork, which is the next main 
stream, it is again only a few hundred feet above the Piedra. As shown in figure 3, there is an 
older and more pronounced fold in the pre-Jurassic strata between Sand Creek and First Fork 
and the La Plata truncates these older formations, the overlap being very plainly demonstrated 
by the section displayed in Piedra Canyon and the valley of First Fork. 

As the Piedra cuts across this anticline it first reveals the Eolus granite beneath the sedi- 
ments, but on the southwest side a fault brings schists of the Uncompahgre formation once 
more to view. The river flows through these pre-Cambrian formations in a rugged canyon. 
The Hermosa and earlier Paleozoic formations are well exposed on the northwest side of the 
canyon. 

First Fork also flows in a synclinal trough and for at least several miles above its mouth 
cuts below the La Plata. In the lower part of the valley bright-red sandstones are prominent 
in the southwest bank and also appear on the southeast side of the Piedra. These beds and 
300 to 400 feet of variously colored grits, sandstones, shales, and nodular limestones which over- 
lie them, clearly belong to the Permian ( ?) Cutler formation, for they are in turn overlain by 
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the Triassic Dolores formation. The characteristic fine-grained ''saurian conglomerate" of 
the Dolores, carrying fragments of bones and teeth and made up mauily of small pebbles of gray 
limestone, is exposed on the northeast side of First Fork, halfway to the principal forks of the 
stream shown in figure 2, and also in the ridge between the forks. 

The white La Plata sandstone occurs 300 to 350 feet above the forks, being clearly shown 
in the main ridge to the northeast. It thus appears in First Fork in about the same position 
relative to the underlying section of Triassic and Paleozoic formations that it holds throughout 
the San Juan re^on, to the west, as described in the published folios. Except for a part of the 
Dolores formation the overlap from Triassic to pre-Cambrian rocks is complete between First 
Fork and Wiminuche Creek. 

Below the mouth of First Fork the canyon of the Piedra has been seen only from a distance. 
The canyon closes in and the walls are high and rugged. The Paleozoic beds form a sharp anti- 
cline, with very steep dips on the southwest limb, and the pre-Cambrian rocks are probably 
again exposed in the canyon. The La Plata and overlying beds are also folded, but less sharply 
than are the underlying rocks, the conditions resembling those above First Fork. Within a 
few miles down the river all pre-Dakota formations disappear beneath the surface by southerly 
dips. 

The overlap of the La Plata has been described with special reference to the exposures 
examined on the northwest side of the Piedra, but the same general relations are shown on the 
opposite side, as could be seen from many good points of view. But the structure exhibited 
by the older formation southeast of the Piedra is more complex than has been described, Pre- 
Cambrian rocks rise about 1,000 feet above the river in an amphitheater nearly opposite Sand 
Creek, and are there immediately overlain by the La Plata sandstone. A more detailed study 
than we could make is necessary in order to determine fully the structural relations of the for- 
mations in this area. 

PRE-DAKOTA SECTION OF PIEDRA VALLEY. 

JTJBASSIC (P) SYSTEM. 
KcELlCO FORMATIOK. 

The McElmo strata, occurring between the Dakota and La Plata sandstones, are widely 
distributed in the Piedra and adjacent valleys, but owing to their soft, friable nature are well 
exposed at few places. The only good section observed is in the little canyon of Wiminuche 
Creek, about 5i miles north of the area shown in figure 2, where the stream cuts across the 
strata adjacent to the fault mentioned on page 42. In this canyon 470 feet of McElmo strata 
are exposed in vertical position. 

At the base of this McElmo section is a dark-red marly shale, such as occurs at many 
places in this position. It is succeeded by wavy friable sandstones, sandy shales, and clay 
shales, in beds that are rarely more than a few feet thick, without marked change in character. 
On slopes the harder sandstones form ribs separating shale depressions. The colors, especially 
those of the shaly layers, exhibit the variegation characteristic of the formation, from red, 
through pink, green, lilac, and yellow, to gray. 

It seems probable that this section does not show the true thickness of the formation, 
owing to squeezing and shearing near the fault, and that the softer beds in particular are 
thinner than is normal. No fossils have been observed in the McElmo formation. 

JURASSIC SYSTEM. 
LA PLATA SANDSTOITE. 

Oeneral character, — The La Plata of the Piedra Valley exhibits variations which are natural 
in a region of overlap upon an uneven toi)ography. In other parts of the San Juan region 
the La Plata consists of two thick members of white massive cross-bedded quartzose sand- 
stone, separated by a subordinate and variable calcareous member in places carrying some 
limestone but more generally consisting of calcareous sandstones and shales. In Piedra Canyon 
and its branches the lower La Plata sandstone in many places has nearly its normal character 
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and above it come dark bituminous limestones, locally thin-bedded and brecciated. The 
upper La Plata sandstone is presimiably present in less than the normal thickness, but owing 
to its soft and friable character it affords no good exposures. This character renders it possible, 
however, that these soft beds belong in fact to the McElmo formation and that the La Plata 
here lacks its upper member. 

At the base of the La Plata a basal conglomerate, variably developed, is composed mainly 
of dense quartzlte pebbles from the Algonkian Uncompahgre formation, a great thickness of 
which is shown in the adjacent Needle Mountains area. Such conglomerate was observed at 
several places near the mouth of Wiminuche Creek, where the La Plata rests on an irregular 
surface of Algonkian strata. 

The lower La Plata sandstone is variable in thickness and is very thin or wanting in some 
places, as on the east ^de of the Wiminuche about a mile above its mouth. A short distance 
below this point conglomerate and some sandstone occur between the underlying granite and 
dark limestone breccia. These variations are no doubt due to the uneven surface on which 
the sandstone was deposited. 

The limestone member of the La Plata in the Piedra Valley presents very nearly the 
same features that it does north of Ouray. Its total thickness is locally more than 30 feet, and 
usually a gray massive cavernous limestone lies in thin beds above and below it, but in some 
localities almost the entire member is black breccia of thin limestone cemented by white calcite. 
In the thin shaly limestone layers below the more massive part scanty fish remains were found. 
Dr. C. R. Eastman has examined these remains carefully but is unable to make any satisfactory 
determinations of the forms represented. 

Section of La Plata sandstone. — On the northwest oide of the Piedra, about midway between 
Sand and Wiminuche creeks, the section given below was foimd. 

Section of La Plata sandstone on Piedra River between Sand and Wv,ninuche creeks. 

Top. Feet 

1. Sandstone of the McElmo formation, red, thin-bedded, argillaceous; poor exposures. 

2. No exposures; unexposed interval probably occupied by upper La Plata sandstone with some 

McElmo beds 70 

3. Limestone breccia, dark, made up of fragments like imderlying limestone; contains open 

spaces, as the cementing material does not fill all the interstices; makes good ledge out- 
crops 16 

4. Limestone, dark, in places nearly black; shaly; has a decided bituminous odor; carries frag- 

ments of small fish 10 

5. Quartzose sandstone, light yellowish gray, fine, even-textured; weathers with rounded, pitted 

forms 20 

6. Quartzose sandstone, white, even-grained, cross-bedded; makes rounded cli£Es 55 

This is the normal section of the La Plata of this area, but the two limestone members are 
rather variable and the upper limestone breccia alone reaches a thickness of 30 feet just north 
of the mouth of Sand Creek, though at some other places it is much thinner. The heavy sand- 
stone bed at the base is also somewhat variable in thickness. 

TRIA8SIC SYSTEM. 

m 

DOLORES FOBMATIOV. 

The only known exposures of the Dolores formation are adjacent to the fault in TVimiimche 
Canyon and in the valley of First Fork. In neither locality were good sections seen, but it is 
clear that the formation here exhibits no marked change in character from that shown in the 
Animas Valley, as described in the Engineer Mountain folio. There is the usual alternation 
of fine limestone conglomerate and thin-bedded sandstones and shales near the base, followed 
above by intensely red shales and more or less massive sandstones. The original thickness 
of this sandstone m this r^ion is presumably nowhere preserved, owing to pre-La Plata erosion, 
and it may have been much greater than at present. Probably 350 to 400 feet is a maximum 
measure of the Dolores formation now occurring in the Piedra Valley. 
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Unless small isolated exposures of the Dolores occur in the San Juan, Navajo, or other 
valleys east of the Piedra, near the volcanic rocks of the mountains, these outcrops of Dolores 
beds of the Piedra are probably nearer than any others of Colorado to the long-known fossilif- 
erous beds of Rio Chama in New Mexico. No conglomerate like that of the Dolores has been 
reported from New Mexico, but it is evident that if the worn particles of limestone were a little 
smaller than they are in the conglomerate of First Fork and were mingled with sand grains the 
peculiar character of the ''saurian conglomerate^' would be lost. 

CABBONIFEROUS SYSTEM. 

PEBMIAN (?) SEBIES. 

CXTTLSR FOBMATXOV. 

The most complete section of the Cutler formation is in Dolores Vidley below Rico, Colo.* 
The only observed outcrops of the Cutler formation in the areas here considered are those 
in First Fork, already mentioned, where, as noted, some of the sandstones and shales are very 
bright red, but the strata near the Dolores formation have the character of the partial section 
given below, which occurs on the northeast side of First Fork about half a mile above the Piedra, 
where it is crossed by the Forest Service trail leading up First Fork. The top of the section 
is not more than 200 feet below the Dolores, but the intervening beds are poorly exposed. 

Section of Cutler formation about one-half mile above the Piedra. 
Top. Peet. 

1. Arkoee grit with subordinate red sandy shale; upper bed of arkoee, 6 to 12 feet thick, varies 

locally inversely with red sandstone 20 

2. Arkoee, cross-bedded, massive, pink; forms rounded outcrops 12-15 

3. Shale, calcareous, and nodular pink limestone 8 

4. Sandstone, light gray, somewhat calcareous, weathering into rounded forms; tough fracture 6-7 

5. Limestone and shale; red nodular limestone with shaly matrix; crumbling 3 

6. Sandstone, gray, fine and even-grained 3 

7. Shale, sandy; dark red in upper part, grading below into dark-green sandstone at base 12 

8. Sandstone; thin-bedded, greenish gray, dark at top and ligh ter below; strike N. 12^-18^ E., 

dip7*»-8** W 30 

98 

This section is in general characteristic of the Cutler of the southern San Juan region 
as to the variety of beds and their alternation, though no two sections agree in thickness or 
similar beds or in details of gradation. No exposures were found in the zone between the 
Cutler beds and the typical Hermosa, so that it is uncertain whether the Rico formation (Peiv 
mian !) is present in the Piedra Valley or not. 

PENNSYLVANIAN SERIES. 
HERMOSA FORMATXOV. 

The lower part of the Hermosa Is exposed south ot Sand Creek and near the Piedra, in a 
diagonal section which is continuous for about 500 feet, the beds dipping 18° to 25° NE. Owing 
to a fault the actual base of the formation is not shown in relation to this section, but probably 
there is a gap of less than 200 feet. The section is on the northeast limb of the anticline shown 
in figure 3. 

Partial section of nermosaform/ition near Piedra Canyon^ south of Sand Creek. 

Top. F«et. 

1 . Sandstone, yellowish green, argillaceous 4 

2. Sandstone, pinkish, with a few thin \'ariegated bands; slightly cross bedded, medium to 

coarse-grained 16 

3. Shale, purplish 3 

4. Limestone, dark gray 2 

5. Sandy shale, dark red to purplish 20 

> Cross, Whitman, and Howe, Ernest, Red beds of southwestern Colorado and their correlation: Geol. 8oc. America Bull., vol. Id, p. 464, 1905. 
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Feet. 

6. Grit, light gray 6 

7. Limestone, nodular, with very fo&siliferous shale layers 6 

8. Limestone, nodular and fosailiferous, and shale; strike N. 65° W., dip 27° NE. 

9. Shale, reddish to purplish at base, drab at top 20 

10. Limestone, nodular and fossiliferous, with thin shale 3 

11. Shale, purplish 17 

12. Shaly limestone; fossils 2 

13. Shale, sandy and reddish near base, calcareous and black near top 6 

14. Sandstone, coarse, somewhat variegated, brown or red 8 

15. Sandy shale 2 

16. Sandstone, soft, shaly, greenish, and somewhat variegated 5 

17. Grit and coarse sandstone 19 

18. Limestone, very fossiliferous 1 

19. Grit, light colored 22 

20. Shale, reddish and calcareous at top 23 

21. Grit, light colored 17 

22. Limestone, dark gray; few shells 3 

23. Sandstone, thin-bedded, shaly, gray, and cross-bedded 9 

24. Shale, forming flaky sandy clay, upper part dark gray, lower part reddish 20 

25. Limestone, sparingly fossiliferous; strike N. 35° W., dip 18° NE 4 

26. Shale, very fine-grained, green and gray, or red ; soft and poorly exposed (estimated thickness) 40 

27. Sandstone, arkosic, green with prominentred feldspar grains 5 

28. Limestone; upper 5 feet nodular, gray, dense, rich in Productus, Spirifer, Terebratula, and 

Triticites; lower 7 feet earthy limestone grading downward; alternation of shales and lime- 
stone in layer 3 to 4 inches thick; fossiliferous 12 

29. Shale, dark, calcareous 3 

30. Limestone, nodular; rich in Triticites secalieus 21 

31. Shale, soft, gray; poorly exposei 20 

32. Sandstone, yellowish gray 2 

33. Limestone, nodular in upper part, thinner bedded and sandy below; very fossiliferous 23 

34. Shale and shaly sandstone 10 

35. Grit, arkosic, pink, gray, and mottled; cros»-bedded, massive ; much quartz 14 

36. Shale, red and gray 8 

37. Limestone, part laminated, part nodular; fossiliferous 22 

38. Shale, red, with irregular nodules of limestone 12 

39. Limestone, massive, gray 5 

40. Shale, red 4 

41. Limestone and red shale of irregular development; rich Triticite»-bearing limestone layer 20 

42. Grit, gray, massive '. 25 

43. Sandstone, dense, with dark-red shale partings to beds; pink and gray spots in sandstone 18 

490 

Below this section is a zone, about 200 feet wide, in which the rocks are not exposed, and 
below that the Ouray limestone appears. On the south side of the fault which interrupts 
the continuity of the section the two lowest beds of the Hermosa are exposed. At the base 
is a gritty sandstone about 20 feet thick, and overlying it is a more or less sandy fossiliferous 
Unestone of wavy bedding, exhibiting an irregular alternation of pure dark-gray material 
with streaks of yellowish earthy limestone. This constitution is characteristic of the lowest 
limestone of the Hermosa in the Animas Valley. 

KOLAS FOBMATIOV. 

The descriptions of* the Molas formation in the Silverton, Needle Mountains, and Ouray 
folios show the persistent character of this thin and pecuUar formation throughout the San 
Juan region. 

The Ouray limestone south of and adjacent to the fault that interrupts the Hermosa sec- 
tion lies below reddish clay, shale, and calcareous beds that are typical of the Molas formation. 
The full thickness of the Molas formation was not seen, but near the fault there are unusually 
good though not continuous exposures, making it clear that the formation is at least 100 feet 
thick. It has the usual character, consisting mainly of red calcareous shale. Much of it is 
almost a red clay, but where the calcareous element is prominent the mass becomes irregularly 
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aodular or lumpy. Layers or lenses of mottled limestone are rare. The lai^est extend several 
yards laterally. Some layers of calcareous mud are twisted and are held by ordinary shale 
or clay. Near the top is a calcareous sandstone, apparently quartz-free, 1 to 2 feet thick. The 
upper 20 feet is not well enough exposed to show the character of the rock, 

CABBONIFEROUS AND DEVONIAN SYSTEMS. 

OXrRAT LXIIXSTOHB. 

A massive light-gray crystalline limestone about 30 feet thick occurs below the Molas 
formation in the section on the northeast limb of the anticline below Sand Creek. The upper 
surface of the limestone contains deep solution crevices filled by the reddish mud of the Molas, 
a condition common throughout the San Juan r^on. In the limestone were found cup coral 
and fragments of crinoid stems such as are common in the Carboniferous part of the Ouray 
limestones elsewhere. Chert nodules occur in the upper part of the limestone. No Devonian 
fossils were found, and it may be that no part of the limestone here should be referred to that 
period. 

DEVONIAN SYSTEM (P). 
ZLBBBT rOBMATIOV(t).i 

Below the Ouray limestone there are several quartzite beds, 4 to 5 feet thick in all, and 
some reddish or mottled crumbling sandstone. Oreen or reddish shale occurs below these 
sandstones but is poorly exposed. Xo place for a section was found. It is estimated that there 
are 40 to 50 feet of sandy and shaly beds between the Ouray limestone and pre-Cambrian forma- 
tions, and the reference of these to the Elbert rather than to the Upper Cambrian (l^acio 
quartzite) is based simply on probabilities. The Ignacio is absent on Pine River about 12 to 15 
miles west of the Piedra Canyon. 

ALGONXIAN SYSTEM. 
mrCOMPAHORS rOBMATIOV. 

As shown in the profile section, there are in the Piedra Canyon two distinct exposures of 
quartzite and schist or shale belonging to the Uncompahgre formation. In the one at and near 
the mouth of Wiminuche Creek the strata have nearly the same character that they exhibit in 
the Needle Mountains. The quartzites are dense and hard and are bluish-gray in color. They 
are in part coarse and in part fine grained. The shales have been somewhat metamorphosed 
and some beds are schistose through abundant mica, but in many places they are soft and 
crumbling. Much of the decomposed appearance of these strata is probably due to weathering 
in a long period of exposure before the decomposition of the earliest Paleozoic sediments. 

In the area of these Uncompahgre beds in the Piedra Canyon between Sand Creek and First 
Fork quartzite, accompanied by pronounced schists, is the principal rock, occurring in a band 
about 100 feet wide, adjoining the granite body. Brown tourmaline and rudely developed 
chiastolite or andalusite characterize the schists near the granite and indicate that the granite 
is intrusive. The Piedra Canyon, cut for a depth of 200 to 300 feet in these beds, is very ru^ed 
and has somber gray walls. 

The Uncompahgre strata beneath the La Plata sandstone of Plate VIII are locally contorted 
and crushed. Those of the canyon below Sand Creek strike nearly east and dip 60° or more to 
the north. 

1 TlM Elbert formation was first described in 1904 (Cross, Whitman, A new Devonian formation in Colorado: Am. Jour. Sci., 4th ser., yd. 18, 
p. /iS;. For farther descriptions and map of type locality see U. S. Oeol. Survey Oeol. Atlas, Engineer Mountain folio (No. 171), p. 5, 1010. 



A RECONNAISSANCE IN THE CANYON RANGE, WEST-CENTRAL 

UTAH. 



By G. F. LouGHLiN. 



INTRODUCTION. 
PREVIOUS STUDIES IN THE EEQION. 

The Canyon Range, in west-central Utah, which derives its name from the deep valley cut 
through its northern part by Sevier River, has hitherto received no general geologic study, not 
even of a reconnaissance nature. The atlas of the Wheeler Sxirvey,* though showing the geology 
of the surroimding ranges, leaves the Canyon Range blank. Gilbert, in his study of Lake 
Bonneville,' examined the lake deposits in the valleys on the east and west sides of the range and 
in Sevier Canyon which connects them, but paid no special attention to the hard rocks of the 
range. Tower and Smith,' in their report on the Tintic district, north of the Canyon Range, 
mention the presence of folded Paleozoic strata, including Carboniferous limestone, along 
Sevier Canyon, and of Eocene conglomerate resting unconformably upon the Paleozoic rocks. 
Their statement was based on observations made during a day^s drive from Juab to Leamington 
by Smith, who noted the absence of volcanic material in the Eocene conglomerate and the 
abundance of it in the Pleistocene and recent alluvial deposits, and therefore concluded that 
the Tertiary volcanic rocks, which form the southern part of the Tintic Mountains, were post- 
Eocene. The latest geologic map of North America* represents the Canyon Range as com- 
posed entirely of Cambrian and Lower Ordovician strata. 

FIELD WORK. 

The writer in 1912 * made a trip through Sevier Canyon, noting the xmconformity between 
the Eocene conglomerate and the Paleozoic strata and also the presence of a bed of dark-colored 
volcanic rock, presumably andesite or latite, resting upon Eocene conglomerate, thus verifying 
Smithes conclusions. The close resemblance of the Paleozoic quartzite in general hthologic 
character to the Cambrian quartzite of the Tintic district, together with the age assigned to it 
on the geologic map of North America (just cited), led the writer to describe the Tertiary con- 
glomerate as here resting on Cambrian quartzite. In June, 1913, however, while visiting the 
Leamington mining district, he took the opportunity to make a hasty reconnaissance of the 
range, spending half a day in the mountains north of Sevier Canyon and three days in trips up 
Wood, Yellowstone, Fool Creek, and Oak Creek canyons and along the west base of the 
range. It was found that the quartzite, instead of being Cambrian, rested in apparent con- 
formity upon lower Mississippian limestone. No careful measurements of the thicknesses of 
these formations were attempted, but interesting structural data were gathered, which, though 
far from complete, are beheved to be worthy of presentation. 

> U. S. Oeog. Surveys W. 100th Mer., atlas sheet 50. 

* Qilbert, G. K., Lake Bonneville: U. S. Oeol. Survey Mon. 1, pp. 104, 106, 192, and 193, 1890. 

* Tower, G. W., and Smith, O. O., Geology and mining industry of the Tintic district, Utah; U. S. Geol. Survey Nineteenth Ann. Kept., pt. 3, 
pp. 617, 671, and 673, 1899. 

* Willis, Bailey, Index to the stratigraphy of North America: U. S. Geol. Survey Prof. Paper 71, PI. 1, 1912. 

» Loogfalin, G. F., Reconnaissance in the southern Wasatch Mountains, Utah: Jour. Geology, voi. 21, p. 448, 1913. 

51 



52 



SHORTEE CONTRIBUTIONS TO GENERAL GEOLOGY, 1914. 



TOPOGRAPHY. 



The Canyon Range, as shown on the accompanying map (fig. 4) , has the general features of 
the maturely dissected basin ranges, but the transverse canyons on its west side are surprisingly 

broad in proportion to their 
lengths. Those on the east 
side were not seen at close 
range. Most of the lateral 
branches of the canyons on 
the west side are strike val- 
leys separated by '^hogback'' 
ridges. (See fig. 5.) Some 
of these canyons are occu- 
pied t>y small creeks, the 
largest of which is Oak Oeek, 
in the southern part of the 
range. 

The most striking topo- 
graphic feature is Sevier Can- 
yon, in reaUty a rather wide 
vaUey with a flat bottom and 
gently sloping sides, which 
cuts completely across the 
range in a curved course at a 
very gentle gradient. Sevier 
River has terraced the im- 
consolidated lake deposits 
which constitute the canyon 
floor and follows a meander- 
ing course, interrupted at one 
or two places by gentle rap- 
ids, where it has uncovered 
buried ridges of quartzite. 

SETTLEMENTS. 

Two small agricultural 
towns are situated at the 
west base of the range at 
places where water for irriga- 
tion is available — Leaming- 
ton, at the mouth of the 
canyon of Sevier River, and 
Oak Creek, or Oak CJity, at 
the mouth of Oak Creek can- 
yon. A few ranches are lo- 
cated between these two 
towns, especiaDy near the mouth of the canyon of Fool Creek, which suppUes water for 
irrigation. The San Pedro, Los Angeles & Salt Lake Railroad passes through Leamington 
and Sevier Canyon. Oak Creek is reached by stage from Leamington. 




OUATERNARYji 



LEGEND 

TERTIARY 



Qlb 



3i ^ 



I 



♦ •♦•♦♦•» 



«■ ♦ 






1^ 



CARBONIFEROUS 



}^F\ 



Lake Bonneville^ Volcanic Conglomeraic § Quartzite 
beds a rocks and sandstone;^ 

xiO )r 

Strik^anddip Vertical dip Anticlinal axis 




Limestone 



faults 
FiouBE 4.— ReconnaLwance map of the Canyon Range, Utah, showing geologic formations. 
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GEOLOGY. 



STBATIOBAPHY. 



GENERAL FEATURES. 



The Canyon Range is composed almost entirely of sedimentary rocks — Carboniferous lime- 
stone and quartzite overlain unconformably by Eocene conglomerate. Volcanic rocks have 
been reported from the extreme northern and southwestern parts of the range, beyond the 
limits of the area visited. The valleys on either side of the range are floored with beds of 
Pleistocene age that were deposited in Lake Bonneville and are known as Lake Bonneville 
beds, and locally with later alluvial deposits. 



SEDIMENTARY ROCKS. 



OABBOHIFEHOUS UKESTOHE. 




FioiTBE 5.— View across North Fork of Yellowstone River, Canyon Range, Utah, looking north- 
west from Arbroath shaft. 



The limestone, as shown on the map (fig. 4) , is the prevailing rock northwest of Sevier Canyon 
and forms the middle western slope of the range south of Sevier Canyon as far as the south 
boundary of Yellowstone Can- 
yon. North of Sevier Canyon 
it has generally low dips, asso- 
ciated with gentle anticlinal 
and synclinal flexures, but 
locally its beds stand nearly 
vertical. South of Sevier 
Canyon the dip varies from 
steep westerly to vertical. 
The limestone on both sides 
of Sevier Canyon dips beneath 
quartzite. A smaller lime- 
stone area extends north and 
south across Oak Creek. Its 
beds show a monoclinal struc- 
ture, dipping 70** W. beneath 
the quartzite and are sepa- 
rated on the east from quartzite by a strike fault. Limestone is also said to be exposed in the 
narrow southern part of the range, near Scipio. A lens of limestone in quartzite was noted on 
the north side of Fool Creek. This lies well above the main limestone formation. 

The lithologic character of the limestone varies somewhat in different places. The lowest 
strata seen, about 3 miles northwest of Sevier Canyon, are thick to rather thin bedded, of me- 
dium to dark gray color, and fine to rather coarse grained in texture. Fossils are fairly abundant 
in certain beds. At a higher horizon, due north of Parley station, which is 5 miles northeast 
of Leamington, intercalated beds of shale are conspicuous. About a mile north of Parley 
station, on the east wall of a southward-sloping canyon, there is a prominent bluff of vertical 
strata which consists largely of conglomerate composed of limestone and chert pebbles and 
which lie within the zone of intercalated shale beds. The stratigraphic significance of this 
conglomerate can not be determined without detailed study, but from the paleontologic evidence 
(see p. 54) it appears to be only a local variation within a single limestone formation. 

The uppermost limestone beds vary in character at different places. On the west slope of 
the range, northwest of Sevier Canyon, they are very cherty, nodules and continuous bands 
of chert comprising as much as 50 per cent of some beds. Perfect pseudomorphs of brachiopod 
shells are conspicuous in much of the chert. Shale beds at this place are not conspicuous, and 
the gradation from limestone upward into quartzite appears to be marked by increase in chert. 
The exact relations of the chert to the quartzite were not ascertained. 
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In Wood Canyon the uppermost beds are of light to medium gray color and are dolomitic. 
Many of them are characterized by a concretionary or pisolitic structure, the concretions ranging 
up to an inch or more in diameter and oflfering greater resistance to weathering than the matrix. 
Above and intercalated with these strata are beds of striped shaly limestone, alternating with 
shale, and these in turn are overlain by a bed of brown ferruginous quartzite, which is followed 
by typical quartzite. 

At no place is the entire thickness of the limestone exposed. A rough estimate of the 
exposed thickness northwest of Sevier Canyon gives 1,700 to 2,000 feet, but there are so many 
local variations in strike and dip that there are many chances for error in this estimate. The 
thickness of the limestone in Yellowstone Canyon is certainly much greater, but the entire 
exposed width was not studied, and the lower part of the limestone is concealed beneath thick 
bodies of Eocene conglomerate. In Oak Creek Canyon the exposed thickness is at least 3,500 
and may be over 4,000 feet. 

Fossils collected from the upper cherty limestone beds on the west slope of the range, 
2 J to 3 miles northeast of Leamington station, were determined by G. H. Girty, of the United 
States Geological Survey, as follows: 



Crinoid stems, large and numerous. 
Zaphrentis sp. 

Schuchertella chemungensis? 
Schizophoria swallowi? 



Spirifer centronatus. 
Spirif^r incertus? 
Syringothyris carteri. 
Cliothyridina aff . sublamelloea. 



Another lot, collected at a horizon much lower stratigraphically, in the saddle between the 
two main ridges of the range, about 2J miles north of Parley station, contains Spirifer centro- 
natus and Compoeita humUis. Mr. Girty states that the first lot ''is clearly of lower Missis- 
sippian or Madison facies," and that the second lot ''is less diagnostic, since there are two 
Pennsylvanian species very similar to the only two comprised in the collection, but since the 
latter occurs below the first it must needs be Madison also." Fragments of fossils similar to 
those listed above were noted in Yellowstone Canyon in the upper part of the limestone. 

The fossils prove the upper 1,700 to 2,000 feet of the limestone to be of lower Mississippian 
or Madison age. Lower portions may prove, on close study, to be older than Mississippian. 
In the Tintic district, 12 miles north of the Canyon Range, limestone of Mississippian age is 
2,000 to 2,250 feet thick and is underlain by 4,400 to 4,600 feet of Cambrian and Ordovician 
limestone. In the southern Wasatch Mountains similar conditions are found, but only 2,400 or 
2,500 feet of the older limestones are piesent. These two sections are the basis for the sugges- 
tion that the lower part of the limestone in the Canyon Range may be of pre-Mississippian age. 

QUA&TZITB. 

The quartzite of the Canyon Range is exposed along the western half of Sevier Canyon 
and extends continuously southward well beyond Oak Creek. South of the divide between 
the Yellowstone and Fool Creek canyons the quartzite constitutes the summit and entire 
western slope of the range, with the exception of the faulted band of Umestone (p. 53) across 
Oak Creek. 

The quartzite as a rule is of fine, even grain and varies in color from nearly white to light 
and dark brown or reddish brown. Some of its beds are greenish. Its general appearance is 
very similar to that of the thick Cambrian quartzite exposed in the Tintic district and at several 
places along the Wasatch Range, thus accounting for the fact that the quartzite has heretofore 
been regarded as of Cambrian age. 

The quartzite contains a conspicuous and persistent dark-reddish finely banded member, 
400 or 500 feet thick, which is a convenient horizon marker and indicator of the geologic struc- 
ture. (See figs. 6 and 7.) The northernmost exposure of this member is on the south side 
of Sevier Canyon, near its mouth, wliero it stantls vertical in a pinched synclinal trough of 
southwesterly pitch. It was not traced southward across Wood and Yellowstone canyons 
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but is undoubtedly present in that part of the range. South of Yellowstone Canyon the red 
member follows the west edge of the range almost as far south as Fool Creek. It then swings 
southeast, crossing the lower part of Fool Creek canyon, and following an undulating course, 
probably passing north and east of Fool Creek Peak, the highest peak of the range. South 
of Fool Creek canyon the red member is probably present in the western part of the range, but 
was seen only in the vicinity of Oak Crock. North of Oak Creek canyon it is again prominent 
along the west edge of the range and is exposed in a very gentle anticline for a considerable 
distance along both walls of the canyon, from a point near its mou th to the first north branch. Here 
a sudden steepeniog of the easterly dip carries it below the surface, but it reappears about a 
mile farther up the canyon a short distance west of the limestone band. It again appears in 
the trough of a gentle syncline on the north slope of the canyon near its head. It was not 
followed south of Oak Creek canyon. 
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FioiTXi ft. — Generalized section along north (a) and south (6) sides of Fool Creek canyon, Utah. 1, Tertiary conglomerate and sandstone; 2, Car* 
boniferous quartzite; 3, red member of the quartzite; 4, Carboniferous limestone; 5, limestone lentil in quartzite. 
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Fiouxx 7.— Qeneralized section along north side of Oak Creek canyon, Utah. 1, Tertiary conglomerate and sandstone; 2, Carboniferous quartzite; 

3, red member of the quartzite; 4, Carboniferous limestone. 

One lens of gray limestone, mentioned on page 53, was noted on the north side of Fool 
Creek canyon. Detailed study may prove the presence of several such lenses. 

The entire thickness of the quartzite was at no place exposed, owing to erosion of its upper 
portion. On the north side of Fool Creek canyon (fig. 6) the thickness of the exposed vertical 
strata on the east limb of the close anticline appears to be at least 5,000 feet. Elsewhere the 
variations in dip prevented a closer estimate. 

No fossils were found in the quartzite, but its apparent conformable position above lime- 
stone of Madison age suggests that its lower part at least is Mississippian. Its upper part 
may be Pennsylvanian. A similar quartzite of great thickness, containing some limestone 
beds, forms the greater part of the West Tintic Mountains, the southern end of which is almost 
connected with the northwest end of the Canyon Range, and the writer has found upper Missis- 
sippian fossils in the limestone beds. Correlation, therefore, with this quartzite fixes the 
age of the quartzite of the Canyon Range as upper Mississippian. 
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The upper Mississippian studied by the writer in tho Tintic Alountaius north of the Canyon 
Range and east of the West Tintic Range consists of a thick aeries of alternating limestone, shale, 
and sandstone or quartzite beds. The same series, 5,000 to 6,000 feet thick, is present in the 
southern part of the Oquirrh Range,' and is overlain by the thick Bingham quartzite, which 
has been referred by Girty to the Pennsylvanian series,' In the Wasatch Mountains the same 
intercalated series of limestones, shale, and sandstone is overlain by the Weber quartzite of 
Pennsylvanian age. These data indicate a transition northward and eastward from quartzite 
into strata composed largely of Umestone and shale, and suggest that in late Mississippian and 
Pennsylvanian time the deposition of siliceous sediment was extended northward and eastward, 
overlapping the intercalated beds of limestone, shale, and sandstone. 
Boourx coiraLoiixmATK. 
The Eocene conglomerate is almost wholly confined to the east half of the rai^e, A few 
small outhers were noted on tho higher spurs north of Fool Creek, and their approximate posi- 
tions are shown In figures 4 
and 6 A considerable area, 
in which the rocks are very 
poorh exposed, was traversed 
along the low foothills north 
of the town of Oak Creek, 

In the principal area the 
Eocene consists of light-gray 
and red beds of conglomerate 
and sandstone, the conglom- 
erate pebbles including lime- 
stone quartzite, and chert. 
The western boimdary of the 
principal area is exposed in 
Sevier Canyon near its north- 
ernmost point, where a coarse 
conglomerate rests uncon- 
formably on quartzite. On 
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both sides of the canyon the boundary can easily he seen from a distance, owing to the 
marked contrast in color between the younger and older formations. South of the canyon 
the Eocene beds rest on the upturned lower Mississippian Umestone and form the crest and 
upper west slope of the range along the heads of Wood and Yellowstone canyons. (See fig. 8,) 
North of Fool Creek Peak the west boundary crosses the summit and extends along the eastern 
slope as far as the saddle at the head of Oak Creek canyon, where the contact is well exposed, 
the Eocene beds, with a dip of about 10" E., abutting against a steep erosion surface of quartzite. 
This relation of dip to contact indicates a very uneven pre-Eocene topography. 

The Eocene beds at the top of the saddle have disint^rated into loose cobbles and pebbles 
with only scattered remnants of soUd conglomerate. This disintegrated area hes between 
quartzit« summits and is further indication of the unevenness of the Eocene topography. 

The small outliers north and south of Fool Creek were recognized from a distance by their 
characteristic red color and by their rounded weathered surfaces, which sharply contrasted 
with the angular surfaces of the surrounding quartzite. The outliers occupied depressions 
between quartzite summits, suggesting that the basal portion of the Eocene conglomerate 
was deposited in strike valleys. (See fig. 6.) The existence of these pre-Eocene strike vallej's 
at the heads of present strike valleys suggests that the present drainage is essentially the same 
as in pre-Eocene time, and may thus ar.count for the shapes of the canyons, which, as already 
remarked (p. 52), are unusuallj' broad in comparison to their lengths. 
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The rocks which form the low foothills north of Oak Creek are ahnost completely reduced 
to a loose mass of limestone, quartzite, and chert cobbles, with a few remnants of consoUdated 
conglomerate. These remnants furnish the clue to the origin of the foothills, which without 
them could not be explained, as the foothills are boxmded on all sides by steep slopes and bear 
no direct relation whatever to the Quatemarj^ alluvial deposits. The presence of the Eocene 
material in these deposits is presumably due to the sinking of a block during the faulting period 
when the Basin Ranges were developed. This occurrence extends the western boundary of 
Eocene deposition somewhat farther westward than has heretofore been indicated. 

As only the eroded western edge of the Eocene beds was studied no idea of its thickness 
was gained. The beds are assigned to the Eocene by correlation with similar strata in the 
southern Wasatch Mountains * and in the ranges immediately east of the Canyon Range.^ 

QUATEBJfABY DEPOSITS. 

The Quaternary deposits include the Lake BoimeviUe beds of clay and marl deposited in 
Pleistocene time and the overlying alluvial deposits at the mouths of the canyons. The Lake 
Bonneville beds are terraced by Sevier River and are well exposed at Leamington and along the 
sides of Sevier Canyon, as shown in Plate IX. No special attention was given to these deposits 
by the writer, and the reader is referred for further information to Gilbert's monograph.' 

YOLCANIC ROCKS. 

No volcanic rocks were seen at close range. From a distance a bed of dark columnar 
volcanic rock was seen overlying Eocene beds northeast of the canyon, and its approximate 
location is shown in figure 6. Volcanic rocks are said to be abundant in the extreme northern 
part of the range, and porphyry dikes are reported along Dry Canyon, south of Oak Creek.* 

STBUCTTTKE. 

The Carboniferous rocks are characterized by a few major folds with steep dips, by several 
intervening minor folds with gentle dips, and by a prominent strike fault which appears to be 
coincident with a broken anticline. The northernmost major fold is the unsymmetrical syn- 
cline of southwesterly pitch, whose axial plane is nearly parallel with the western half of Sevier 
Canyon. Its northwestern limb has a moderate dip, 25° to 40°, which becomes lower away 
from the axis, passing into an area of prevailingly monoclinal structure, though the general 
low and regular inclination of the beds is interrupted by several inconspicuous anticlines and 
synclines. The southeast limb is nearly or quite vertical along Sevier Canyon, but along Wood 
and Yellowstone canyons its prevailing dip is near 45°. 

In Fool Creek canyon an anticline and syncline with north-south axes are exposed. (See 
fig. 6-) On the north side the details of the structure are not very clear. The moderate 
westerly dip of the quartzite changes eastward to vertical, the latter persisting for about IJ 
miles and then gradually changing to a moderate westerly dip, which continues eastward 
probably to the crest of the range. The only clue to the structure is given by the red quartz- 
ite member, aided by comparison with the simpler structure on the south side of the canyon, 
which shows the strata to be folded into a close anticline of vertical dip and an unsymmetrical 
syncline with vertical west limb and moderately dipping east limb. Detailed study, however, 
may show the vertical strata to be more complexly folded than figure 6 indicates. The struc- 
ture on the south side of the canyon (fig. 6) needs no special comment. The lengths of these folds 
are not definitely known, but the anticline may extend as far north as the rim of the south fork 
of Yellowstone Canyon, where the uppermost limestone beds stand nearly vertical. That the lime- 
stone is probably not far below the surface where the anticline crosses Fool Creek may be inferred 

1 Loughlln, O. F., Jour. Geology, vol. 21, p. 448, 1913. 

« U. S. Geog. Surveys W. 100th Mer., atlas sheet 50. 

» Gilbert, O.K., Lake BonnevUle: U. S. Geol. Survey Mon. 1, pp. 104, 166, 192, and 193, 1800. 

* Oral information by James Overson, of Leamington, Utah. 
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by the proximity of the red member of the quartzite to the top of the limestone in Sevier and 
Oak Creek canyons. 

Between Fool Creek and Oak Creek canyons several minor folds can be seen from the 
western foothills. In the lower part of Oak Creek canyon a gentle anticline with limbs dipping 
about 10° is well exposed. About 2 miles above the mouth this passes into a syncUne, both of 
whose limbs dip 60° to 70°. The syncline, however, is not symmetrical. (See fig. 7.) The 
west limb is relatively small, but the east limb is at least li miles in horizontal width and brings 
the limestone to the surface. The limestone is bounded on the east by the strike fault already 
mentioned, which separates it from quartzite of gentle easterly dip. The actual fault plane or 
zone is concealed, but the dips of the strata to either side of it north of the creek suggest a 
compression fault. (See fig. 7.) The fault appears to die out both southward and northward. 
Northward it appears to pass into an anticline whose axis is in the limestone; southward its 
relation to folding is not so clear, as the axes of the folds there swing southeastward and the 
trend of the fault is obscure. East of the fault the quartzite is folded into a rather gentle 
syncline and anticline, the anticlinal axis lying just east of the crest of the range. 

The character of the folds show that in the central and southern parts of the range the domi- 
nant compressive force was eastward, whereas in the northern part the prevailing force was 
northwestward. No explanation of this diflFerence in direction is warranted from so brief a 
study of this limited area. 

OEOLOOIC HISTOBY. 

The geologic history of the Canyon Range may be summarized as follows: Deposition of 
limestone in early Mississippian and perhaps in still earlier time were followed by deposition of 
quartzite which continued during later Mississippian and possibly Pennsylvanian time. The 
next recorded event was the folding of these sediments, which presxmiably took place during 
the post-Jurassic upheaval that affected a great part of the Cordilleran region. The period of 
folding was followed by one of erosion, during which the rocks were dissected into ridges and 
valleys generally similar to those of to-day. The steep east slope along the southern part of 
the range, against which the Eocene strata are banked, was evidently formed at this time, and 
it is probable that a pronounced valley was developed in the Sevier Canyon syncline. Deposi- 
tion during this erosion interval is represented by Cretaceous strata in the country to the south 
and east of the Canyon Range, and it is possible that the lowest beds called Eocene in the 
Canyon Range are Cretaceous. This deposition continued in the Eocene, during which the crest 
of the range was probably entirely covered by conglomerate and sandstone. The volcanic rocks 
were erupted in late EJocene or post-Eocene time. 

The volcanic epoch was followed by the period of profound faulting in late Tertiary time 
which developed the Basin Ranges. One of these faults extends along the west base of the 
range, separating it from another block which moved downward and has left only its cap of 
disintegrated Eocene conglomerate above the present surface. A period of rapid erosion fol- 
lowed, during which all the Eocene strata were removed from the west side of the range save 
a few remnants which occupied the heads of old north-south valleys. During this combined 
period of uplift and erosion, Sevier River eroded its channel through the soft Eocene rocks fast 
enough to maintain its course. After it had worn through the Eocene strata which formerly 
existed on the west side of the present range its course was guided by the pronounced southwest- 
pitching syncline, along which, as was just suggested, a valley may have existed in pre-Eoccne 
time. 

During a late stage in the erosion period, after the outline of the range was developed into 
virtually its present form, the surrounding lowlands were covered by the waters of Lake Boime- 
ville, which at their highest (Bonneville) stage occupied Sevier Canyon and formed a land- 
locked bay on the east side of the range. It was in this stage that the fine material of the 
lake beds was deposited. Later, during the Provo stage of the lake, the waters lowered until 
thoy receded from the canyon, and Sevier River resumed its course, cutting its channel into 
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the lake beds and building a low delta from Leamington southwestward to Deseret. Final 

recession of the lake waters left the topography essentially as it is to-day. The only noteworthy 

work of subsequent erosion was the further cutting of the Sevier channel through the newly 

formed delta. 

ORE DEPOSITS. 

Ore deposits thus far worked or prospected in the Canyon Range comprise only a few 
small bodies of lead or lead-zinc ore in Wood and Yellowstone canyons and some quartz veins 
stained with copper carbonates near Fool Creek and Dry canyons. Only two properties, so 
far as the writer has learned, have shipped ore. 

liEAD AND ZINC. 

Yellowstone mine. — The Yellowstone mine is located in the south fork of Yellowstone Canyon, 
about 4 miles southeast of Leamington. The workings include an inclined shaft 200 feet deep, 
following the dip of the hmestone, about 60** W., and drifts at the 60, 100, and 170 foot levels. 
The country rock includes the uppermost beds of hmestone. The ore forms small replacement 
bodies along the intersection of one of the limestone beds by fissures. On the 50-foot level small 
bodies were stoped along the intersection of the bed with a north-^outh strike fissure and one 
body where the bed was somewhat shattered at the intersection of the strike fissure and an 
east-west cross fissure. The 100-foot level was inaccessible. The 170-foot level follows the 
contact between a shale and hmestone bed, along which there is a zone of veinlets, consisting 
chiefly of spar (dolomite and calcite), which are said to assay 3 to 4 per cent lead. 

The ore stoped consisted principally of galena and cerusite (Lesid carbonate) in a gangue 
of ferruginous dolomite and calcite spar. A httle secondary aragonite was noted on a crust 
of fibrous calcite that Uned a pocket along the strike fissure on the 50-foot level. Assays of the 
ore have run from 30 to 65 per cent lead, the higher grade carrying 5 to 6 oimces of silver. A 
little gold has also been reported. The mine has been worked intermittently and has shipped 
only about 15 carloads of ore in over 20 years. No zinc has been foimd. 

ArhrocUh mine. — ^The Arbroath shaft is situated about an eighth of a mile north of the 
Yellowstone, in a low spur which separates the south fork from the north fork of Yellowstone 
Canyon. The writer did not gain access to the mine, which was idle, but the material on the 
dump showed the minerahzation to be of the same type as that of the Yellowstone mine. The 
ore thus far found during assessment work is reported to be of two grades, the higher carrying 
76 per cent lead and 9 ounces silver, and the lower 10 to 11 per cent lead and 1 oimce silver. 
Only a small quantity of ore has been found thus far. 

Wood Canyon group. — ^The Wood Canyon group of claims is situated on the north side of 
Wood Canyon and includes the uppermost beds of the limestone formation. The miueraUzed 
outcrop is a brown, rust-stained dolomitic bed, containing a large amoimt of ferruginous dolo- 
mite spar, white where fresh and brown where weathered, through which are scattered grains 
of galena and yellowish-brown zinc blende. The stained rock is closely associated with two 
fissures, one tending north-south and the other of S. 55° E., both of whose outcrops are marked 
by shallow gulches. Plans for dry concentration of the ore were being considered in the summer 
of 1913. No assays, either of crude ore or concentrates, had been made. 

COPFEB PROSPECTS. 

A small copper prospect in quartzite is situated on the low ridge just north of the mouth of 
Fool Creek canyon. The mineralized material thus far found is white vein quartz with numer- 
ous minute fractures stained by films of green and blue copper carbonates^ with small spots and 
patches of dark brown iron oxide evidently derived through oxidation of pyrite and chalcopyrite. 

Other copper and lead prospects have been reported along Dry Canyon, south of Oak Creek, 
but the writer's attempts to get in touch with the owners were not successful, and he could learn 
nothing further in regard to the deposits. 
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COMPABISON WITH ORES OF OTHER DISTBICTS. 

The lead and lead-zinc ores above described are similar in mineralogy and mode of occurrence 
to certain ores in the North Tintic, East Tintic, Santaquin, and Moimt Nebo districts. These 
ores, which as a rule occur rather remote from important bodies of intrusive igneous rock, con- 
sist essentially of galena, zinc blende, and more or less pyrite, or oxidation products of these 
sulphides, with gangues of dolomite and calcite, and only minor amounts of quartz. Their 
silver content is low, averaging as a rule 3 to 5 ounces, but in some deposits rising as high as 
8 to 10 ounces per ton. The sizes and shapes of ore bodies vary according to conditions; strong 
fissures may contain continuous veins ; permeable beds of pure limestone may be rather exten- 
sively replaced; but argillaceous and dolomitic beds have yielded only small bodies of high-grade 
sre and a few more extensive bodies of milling ore. The ore bodies of the Canyon Range are 
no exception to this rule. Those mined up to the present have replaced dolomitic limestone 
beds along their intersections with narrow fissures and are smaU or of low grade. The higher- 
grade ore bodies when found may be mined at no great expense, but the cost of prospecting for 
new bodies after old ones have become exhausted is likely to equal or exceed the net receipts 
from ore sales. 

In some of the districts above named there are small copper prospects near the lead and 
2anc mines. These, according to the writer's experience, are quartz veins containing chalco- 
pyrite and pyrite or their oxidation products and are confined to the siliceous rocks — quartzite, 
schist, or granite. The copper prospects of the Canyon Range may, from the meager knowledge 
available, be classed with this type. Veins intermediate in composition between these and the 
lead and zinc deposits have occasionally been found, and suggest that the two types were derived 
from a common source. None of these copper-bearing veins, to the writer's knowledge, have 
yielded steady shipments of ore. 



THE MONTANA GROUP OF NORTHWESTERN MONTANA. 



By Eugene Stebingeb. 



INTRODUCTION. 

Recent field work has shown that the formations of the Montana group in and near the 
Blackfeet Indian Reservation of northwestern Montana are very different from those of the 
type area of the Judith River and associated formations on Missouri and Musselshell rivers, 
in the central part of the State, but similar to the formations in southern Alberta as described 
by Dawson. They seem to deserve special description not only because they present new 
evidence regarding the relations of the Belly River formation of Canada to the Judith River 
formation, but also because they indicate the varying geographic conditions that prevailed 
during Cretaceous time in this region. Furthermore, the stratigraphy as interpreted affords 
an excellent example of variation in sedimentation from the seaward to the landward side of a 
zone of deposition. 

The Montana group, as here described, was first studied by the writer in the simuner of 
1911, along Cut Bank Creek and Two Medicine River on the Blackfeet Indian Reservation, 
in company with Mr. T. W. Stanton, who has already briefly described some of the features 
of this region ^ and to whom the writer is much indebted for paleontologic determinations 
which, especially those for the marine formations encoimtered, were of great assistance in 
interpreting the stratigraphy. During the next two seasons these formations were traced 
northward into the type area of the Belly River beds, described by G. M. Dawson * in 1885, 
and eastward into an area of the Judith River formation, as definitely determined by Stanton 
and Hatcher' in 1903. The interpretation of the field relations presented is therefore based 
primarily on the area! tracing of the formations, although every conclusion was substantiated 
by paleontologic evidence. 

FOBMATIONS CONSTITUTIKa THE MONTANA QBOTTP. 
SECTION ON TWO MEDICINE RIVER. 

A section showing the complete sequence of the formations of the Montana group in north- 
western Montana is exposed along the valley of Two Medicine River in the southern part of the 
Blackfeet Indian Reservation, and because of its completeness and of the excellence of the 
exposures is offered as a standard for the region. The section extends westward upstream 
from the mouth of the river, in T. 31 N., R. 5 W., to a point about 3 miles above the Holy 
Family Mission (Family post office), in T. 31 N., R. 9 W. Throughout this distance, about 35 
miles, the formations either he nearly flat or dip slightly westward at an angle rarely exceeding 
3^. As the river runs nearly at a right angle to the strike, it crosses the formations in succession 
from younger to older. On the whole the locaUty is almost ideal for a study of the formations, 
the structure being simple and easily determined and the rocks perfectly exposed throughout 
most of the distance in the minutely carved badlands along the sides of the valley. 

1 Stanton, T. W., Some variations in Upper Cretaceous stratigraphy ; presidential address before the Oeologtcal Society of Washington, 1912: 
Washington Acad. 8ci. Jour., vol. 3, pp. 66-69, 1913. 

s Report on the region in the vicinity of the Bow and Belly rivers, Northwest Territory: Canada Geol. Survey Rept. Progress for 1882-1884, 
pp. 1-169C. 

* Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith Riverbeds, with a chapter on the fossil plants by F. H. Knowltou 
V. 8. Oeol. Survey Bull. 257, pp. 51-53, 1905. 
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From the top of the Colorado shale, which is readily recognized by its characteristic marine 
fauna and general appearance, the rocks natm*ally group themselves in ascending order into 
four lithologic imits — (1) a massive gray sandstone, chiefly marine; (2) a rudely bedded mass 
of clay and sandstone, chiefly a fresh-water deposit; (3) a dark marine clay shale; and (4) a 
massive gray sandstone, brackish and marine. Nos. 1 and 3 correspond to the Virgelle sand- 
stone, as the lower sandstone member of the Eagle sandstone has recently been designated,^ 
and to the Bearpaw shale of the Missouri and Musselshell river section in central Montana, 
whereas Nos. 2 and 4, formations hitherto not recognized, whose stratigraphic equivalents 
elsewhere are represented by formations having different limits and lithology, are here named 
the Two Medicine formation and Horsethief sandstone. The important details of the section 
are shown below. 

Formations of the Montana group of northwest Montana exposed on Two Medicine River between its mouth and Family 

post office. 



Formation. 


Lithology. 


Fossils. 


Topographic features. 


Thick- 
ness in 
feet. 


Horsethief sandstone. 


Gray to bufT coarse-grained, much 
cross-bedded, massive sandstone 
in upper half. In lower half 
slabby gray sandstone, becom- 
ing shaly toward the base. In 
places beds of heavy magnetite- 
bearing sandstone. 


Mainly a brackish-water fauna 
containing Ostrea, Corbicula, 
Corbula,and Anomla. In places 
a marine littoral fauna yielding 
Tancredia amerkana, Cardium 
apeeiomm, and Mactra. 


Where the formation lies nearly 
horizontal it may form a bold 
escarpment; where it is steeply 
tilted it forms prominent hog- 
back ridges. 


360 


Bearpaw shale. 


Dark-gray day shale with a few 
limestone concretions. 


An abundant marine fauna 
(Pierre) containing Baculites, 
Placenticeras.Inoceramus, Avlc- 
ula, and Scapnites. 


Subdued and rounded topog- 
raphy, gumbo soil, and few 
exposures. 


490 


Two Medicine formation. 


Gray to greenlsh-eray cUt and 
soft irregular sandstone w^hich is 
most abtmdant In the lower 250 
feet. In places thin beds of red 
clay and nodular limestone. 


An abundant reptilian fauna of 
Judith River types. At many 
horizons a fresh-water fauna 
containing Unio, Viviparus. and 
Campeloma; at others brackish- 
water forms, Ostrea. Corbula, 
etc. One marine horuon yield- 
ing Tancredia americafuif Cat' 
dium tpeciasumf Mactra, land 
plants, and much fossil wood. 


Eroded into extensive badlands 
along principal streams; else- 
w here a smooth rounded topog- 
raphy. 


1 

1,950 


Virgelle .sandstone. 


Gray to buff coarse-grained, much 
cross-bedded, massive sandstone 
with many ferruginous concre- 
tions in upper half. In lower 
half slabby gray sandstone, be- 
coming shaly toward the base. 


% 

Contains a poorly developed lit- 
toral marine fauna. 


Where the formation lies nearly 
horixontal it forms aboldes- 

. carpment in many places; 
where it is steeply tilted it 
forms prominent hogback 
ridges. 


220 



YIROELLE SANDSTONE AND HORSETHIEF SANDSTONE. 

Both these formations are composed of massive gray to bnff sandstone, and although they 
are 2,500 feet apart stratigraphically they are so nearly identical that they can best be described 
together. Each seems to be a sandy beach or near-shore deposit laid down in a retreating sea, 
the "Vii^elle representing a great recession of the Colorado sea at the close of Colorado time 
and the Horsethief representing an even greater recession at the close of Pierre time. The two 
are therefore genetically identical, each being a sandstone laid down on a marine shale in a 
retreating sea. Similar rocks are associated with both of these formations, each being overlain 

» Unpublished report by C. F. Bowen entitled "The stratigraphy of the Montana group" (U. S. Geol. Survey Prof. Paper go>I), from which 
the following definition is quoted: "The name Eagle sandstone was given by Weed (U. S. Geol. Survey Geol. Atlas, Fort Benton folio, No. 55) 
to the formation overlying the Colorado shale in north-central Montana and typically exposed on Missouri River at the mouth of Eagle Creek, 40 
miles below Fort Benton. In the type locality the formation as defined by Weed consists of three more or less distinct units, comprising an 
upper member of thin-bedded sandstone, a middle member of shale, and a lower member of massive ledge-making sandstone. This lower mem- 
ber is so persistent and characteristic over a large area in north-central Montana, even where the other divisions of the formation are not recog- 
nizable, that it seems desirable for purposes of description and correlation to give it a name. It is well exposed along Missouri River from 
the town of Virgelle, a few miles below Fort Benton, eastward, and the name Virgelle sandstone member of the Eagle sandstone has therefore 
been adopted by the United States Geological Survey for this division of the formation. The Virgelle sandstone member is the lower massive 
ledge-making sandstone of the Eagle sandstone as defined by Weed." In northwestern Montana the Virgelle sandstone is recognized as a distinct 
formation, and the ox'erlying Two Medicine formation includes the equivalent of the remainder of the Eagle sandstone. 
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by a thick mass of continental deposits, apparently conformable and very similar in composition 
and appearance. 

In the section along Two Medicine River the Virgelle sandstone rises in bold cliffs above 
the few feet of sandy shale that form the uppermost beds of the Colorado group exposed 
at the mouth of the river. From this point the sandstone, dipping very sUghtly westward, is 
continuously exposed upstream for a distance of 8 miles, forming a narrow, steep-walled canyon 
several hundred feet deep, which is a little-known but picturesque feature of this part of Mon- 
tana. Similarly the Horsethief sandstone, where it is cut through by Two Medicine River just 
above Family post office, also stands out in bold cUffs over 300 feet high. 

The principal fossils found in these sandstones are invertebrates, although in many places 
both the formations, especially the Virgelle, seem barren. The Horsethief sandstone (named 
for Horsethief Ridge, in the Blackfoot quadrangle) has yielded both marine and brackish water 
forms. The brackish water forms are mainly oysters, which are locally very abundant; the 
marine forms belong to the Fox Hills near-shore fauna, the dominant species being Tancredia 
americana and Cardium spedosum. On Two Medicine River the Virgelle sandstone is appar- 
ently \mfossiliferous, but elsewhere it is known to contain a marine near-shore faima. 

TWO MEDICINE FORMATION. 

The Two Medicine formation, which lies immediately above the Virgelle sandstone, is a 
great mass of light-colored rocks about 2,000 feet thick, consisting mainly of typical conti- 
nental deposits. From the upper end of the canyon in the Virgelle sandstone, in T. 31 N., 
R. 5 W., nearly all the formation is excellently exposed in badlands that extend for 20 miles 
upstream to the mouth of Badger Creek, in T. 31 N., R. 8 W. It is composed principally of 
light-gray to greenish-gray clay and clay shale, so rudely bedded that it is impossible to follow 
a given stratum for any great distance. In places the beds of clay are variegated, red and 
yellow strata appearing. Thin nodular and nonpersistent limestone, apparently of fresh- 
water origin, also occurs at irregular intervals. Probably 20 per cent of the total mass of the 
formation is made up of soft coarse-grained sandstone in lenticular beds which, even where 20 
to 30 feet thick, can not be traced more than 1 or 2 miles. At many localities these sandstones 
show the very irregular cross-bedding that is characteristic of eoUan deposits. The lower 200 
feet of the formation is more sandy than the remainder, probably half of this part consisting of 
massive sandstone in irregular beds, the thickest measuring 50 feet. 

A well-developed vertebrate fauna, chiefly dinosaurs of Judith River types, occurs in this 
formation. The abundance of fossil bones, especially in the upper 200 feet, is unusual. C. W. 
Gilmore,* of the United States National Musemn, who spent the season of 1913 in collecting 
from these beds, noted parts of 13 different individuals of dinosaurs in the course of a single 
day's field work. Much of the material collected by him is new and will add greatly to our 
knowledge of the Cretaceous reptiles. Fragments of fossil wood and many complete sections of 
tree trunks are also very common throughout the formation. All the plant remains collected 
were identified by F. H. Knowlton as ^' Belly River or Judith River." 

The fossil shells foimd in the Two Medicine formation also indicate that it is essentially of 
contmental origin, Unio, Viviparus, and other fresh-water genera being found at many horizons. 
In the lower, sandy part of the formation, as well as at the top, there are local thin brackish- 
water beds with Ostrea, Corbula, 'and Corbicula. A fauna indicating a temporary incursion of 
purely marine waters while the formation was being deposited occurs in a sandstone about 200 
feet above its base and has already been characterized by Mr. Stanton' as a Claggett-Fox Hills 
fauna. It is almost identical with the fauna found at the top of the Horsethief sandstone, a fact 
that shows that it existed in the shallow- water portions of the Pierre sea throughout nearly 
all Montana time. 

1 Personal communication. 

> Stanton, T. W., Some variations in Upper Cretaceous stratigraphy: Washington Acad. Sci. Jour., vol. 3, p. 66, 1913. 
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BEARPAW SHALE. 

The Bearpaw shale is a typical dark marine clay shale averaging 500 feet in thickness in 
this part of the State. The change in the character of the rocks from the Two Medicine forma- 
tion to this one is very abrupt, there being practically no transition beds near the contact, and 
although shallow water must have existed for some time at this horizon while the Bearpaw sea 
was advancing, no trace of the marine fauna of Fox Hills facies, noted in the Two Medicine 
formation and above in the Horsethief sandstone, has yet been foimd here. Invertebrate 
fossils are abundant in concretions throughout the shale and are of characteristic Pierre types, 
allowing fairly close and certain correlation with the Bearpaw shale of central Montana. 

RELATIONS OF THE MONTANA GROUP TO THE BELLY RIVER AND JUDITH 

RIVER FORMATIONS- 

The age of the Judith River formation and its correlation with the Belly River formation 
of Canada have been under discu^ion^ mainly by paleontologists, ever since the Judith River 
beds were first studied. Nearly every worker who during the last 40 years has been interested 
in the Cretaceous formations of the Rocky Mountain and Great Plains regions has taken part 
in this discussion, the extensive literature of which has been thoroughly reviewed by Stanton 
and Hatcher.* In 1902, on the publication of Lambe and Osborn's report ' on the vertebrate 
faima of the Belly River formation, the controversy * was revived with renewed vigor. So 
great a diflference of opinion was developed during the following winter that Stanton and 
Hatcher decided on a joint field investigation, which they made in the smnmer of 1903. The 
results of their work were publbhed first in a preliminary note * and later in a detail report. 
They determined the succession of formations in the Montana group for the central Montana 
region, which has since been found to extend over a large area, and proved the Cretaceous 
age of the Judith River formation. Then, by means of practically continuous exposures, they 
traced the Judith River formation into the extreme southeastern part of the large area of 
Belly River beds, as originally mapped by G. M. Dawson.* This led to their second impor- 
tant conclusion, namely, that the Belly River formation and the Judith River formation are 
of identical age. Their conclusions were generally accepted as having satisfactorily answered 
this much-discussed question in Cretaceous stratigraphy. There was no reason to suspect that 
the type section of the Belly River beds as described by Dawson, occurring on Belly River, 
was different from that in the locality into which they had traced the Judith River forma- 
tion. That these sections are different appeared only when the section here described was 
examined and compared both with Dawson's section and with the section of Stanton and 
Hatcher on MLssoiuri River. 

In a recent paper • A. C. Peale again raises the question of the age of the Judith River 
formation. He does not deny the existence of the formations of the Montana group in central 
Montana in the succession ae originally described by Stanton and Hatcher, nor that they 
extend over a large area in central Montana, as proved by C. F. Bowen, R. W. Stone, and 
other workers, but contends that beds originally called Judith River in the type area on the 
Missouri near the mouth of Judith River are of Lance age and are not equivalent to the forma- 
tions mapped as Judith River over a large part of Montana. Peale's contention thus raises the 
question of the exact interpretation of the structure and stratigraphy in the small disturbed 
type area at the mouth of Judith River, and if his view is substantiated the name Judith River, 
as applied to the formation which has been so extensively mapped under that name, will be 

1 Stanton, T. W., and Hatcher, J. B., (leology and paleontology of the Judith River beds: U. S. Oeol. Survey Bull. 257, pp. 14-31, 1905. 

« On vertebrate of the mid-Cretaceous of the Northwest Territory: Lambe, L. M.. New genera and species from the Belly River series (mid- 
Cretaceous); Osbom, H. F., Distinctive characters of the mld-Cretaceous fauna: Canada Geol. Survey. Contr. Canadian Paleontology, vol. 3, pi. '2, 
1902. 

» Science, new p:r., vols. 16, 17, 18. 

4 Hatcher, J. B., and Stanton, T. W., The stratigraphlc position of the Judith River beds and their correlation with the Belly River beds: 
Science, new ser., vol. 18, pp. 211-212, 19a3. 

6 Canada Geol. Survey Rept. Progress for 1882-1884, pp. l-lOQc. 

• Jour. Geology, vol. 20, pp. 530-549. 
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invalidated. Therefore, without entering into the question raised by Peale, it is important to 
insist that the correlations made later in this paper refer to the formation mapped as Judith 
River over nearly all of central Montana. 

In the course of their stratigraphic study in central Montana, Stanton and Hatcher estab- 
lished the succession shown in the following table : 

Section of Cretaceous rocks in central Montana. 



Formation. 



Bearpaw shale 

Judith River formation 
Claggett formation 

Ea^le sandstoxie 

Colarado shale 



Character of rocks and fossils. 



Dark clay shale with marine famia 

Variable shale and soft sandstone with dinosaurs and other reptiles and fresh and brackii^ watershells. . 
Dark clay shale with several beds of sandstone^pecially in the upper part; marine fossils throughout, 

those of the sandstone including many Fox Hiiis species. 
White , gray, and yellowish massive sandstcme in lower and shale, coal, and thinsandstone in upper part. 

Contains marine shells, land plants, and dinosaurs. 
Dark marine shale 



Thick- 
ness in 
feet. 



750? 

500 

400± 

200-300 

800+ 



On comparing this section with that on Two Medicine River, the Colorado shale, which 
can be traced continuously from its outcrops on Missouri River to those at the mouth of the 
Two Medicine and is also easily recognized because of its characteristic marine fauna and 
appearance, affords a safe stratigraphic datum plane on which to base comparative sections. 
First of all, the identification of the sandstone lying above the Colorado shale in the Two Medicine 
section as the lower or Virgelle sandstone member of the Eagle is made fairly certain by both 
its position and the fact that it also can be traced on the outcrop over the greater part of the 
distance from the exposures on Two Medicine River to those on the Missouri at the type locality, 
though its limits may vary slightly from point to point. The outcrop of this sandstone can be 
traced without interruption in bold cliff exposures from the mouth of Two Medicine River to 
the Sweetgrass Hills. From this locality to the outcrops of the Eagle, near Virgelle, on the 
Missouri, the bedrock formations are completely covered with drift, but the continuity of the 
sandstone over all of this distance is suggested by its presence in a well boring in T. 34 N., R. 8 E. 
The formation recognized as Bearpaw on Two Medicine River can not be traced to Missouri 
River in the same manner because it has been eroded away between these localities, but fortu- 
nately a characteristic marine fauna is found in the shale, which, together with the lithologic 
appearance, thickness, and relative position of the formation above the Colorado shale, makes 
its correlation with the Bearpaw shale of the Missouri River section about as certain as a corre- 
lation of this sort can be. This leaves the Two Medicine formation occupying the entire interval 
between the Virgelle sandstone and the Bearpaw, and it is therefore equivalent to all the strata 
on Missouri River that make up the Judith River formation, the Claggett formation, and the 
coal-bearing shale and sandstone forming the upper member of the Eagle sandstone. 

In his report on the region in the vicinity of the Bow and Belly rivers Dawson ^ established 
the following section for the Cretaceous rocks occurring there: 

Section of Cretaceous rocks near Bow and Belly rivers, Canada. 



Formation. 


Character of rocks. 


ThJck- 

neasln 

feet. 


Fox Hills sandstone 


In some parts of the district well defined as a massive yellowish sandstone, but inconstant and appar- 
ently often represented by a series of brackish-water transition beds between the Laramie and Pierre. 

Neutral gray or brownish to nearly black shales, include a zone of pale soft sandstone in the north- 
eastern part of district and frequent intercalations of harder sandstones near the mountains. Marine. 

Composed of an upper or "pale'^' and lower or "yellowish" portions, and consisting of alternations of 
sandstones, sandy clays, shales, and cla3rs. 

Gray to nearly black shales, in places including arenaceous shales 


80 




750 


Belly Riverseries 


910 




800 









This section was compared with the section on Two Medicine River and it was fortunately 
found possible to trace all the members of the Two Medicine section due north to the equivalent 
parts of the section in Alberta without interruption in the outcrops. The Colorado shale 



1 Canada Geol. Survey Rept. Progress for 1882-1884, p. 112-c. 
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exposed at the mouth of Two Medicine River can be traced directly into an area near the inter- 
national boundary mapped by Dawson as Lower dark shales. The Bearpaw shale can be traced 
with equal facility into the shale mapped by Dawson as Pierre, and the Horsethief sandstone 
into Dawson's Fox Hills sandstone. The strata designated by Dawson the Belly River series 
comprise all the rocks between his Lower dark shales and Pierre shales, so that if his Lower 
dark shales are Colorado shale, and his Pierre shale is Bearpaw, it becomes evident that his Belly 
River series, lying between these two marine shales, is equivalent to the Virgelle sandstone 
and Two Medicine formation taken together, for they lie between the same two marine shales 
and the formations are entirely conformable; or, carrying the correlations to Stanton and 
Hatcher's section on Missouri River, it is apparent, from the correlation between the section on 
Two Medicine River and that on the Missouri, already made, that the Belly River formation 
of Canada is equivalent to the £agle, Claggett, and Judith River formations combined. 

The correlations made by Stanton and Hatcher in 1903, by tracing the Judith River forma- 
tion up Milk River into Canada to beds mapped as Belly River by Dawson, leading them to the 
conclusion that the Belly River and Judith River formations were identical, are correct as far as 
they had gone, as can be understood by reference to the diagram (fig 9). Starting from the sec- 
tion in central Montana, they traveled northwestward, following the wedge of the Judith River 
formation to a point on Milk River near Pakowki Lake in Alberta, where the section is as at 
A in the accompanying diagram and there foimd Claggett shale beneath the Judith River 
formation. But Dawson had already mapped the beds found in this locality as Belly River, 
so that Stanton and Hatcher were justified in assuming the identity of the Belly River and 
Judith River formations. Dawson had also seen and described the dark marine shale of the 
Claggett near Pakowki Lake, but had erroneously correlated it with his Lower dark shales 
(Colorado shale) of the area he mapped farther west, so that the formation he had mapped as 
Belly River in the vicinity of Pakowki Lake included only a part of the Belly River formation 
as he had defined it in his type area along Belly River. 

Dawson's error in correlating beds in different parts of the area originally mapped as Belly 
River, although suspected by Stanton and Hatcher,* has apparently never been recognized by 
Canadian geologists, for since the publication of Stanton and Hatcher's report they have assumed 
that the section of the Montana group occurring on the Missouri in central Montana was appli- 
cable to all the area of southern Alberta up to the base of the Rockies. This seems evident from 
a report by D. D. Caimes, of the Canadian Geological Survey, on the Moose Mountain district,* 
a tract lying adjacent to the mountain front in the '^ disturbed belt" on the west edge of the 
large area originally mapped by Dawson. Caimes has described Claggett shale from this 
district, but, reasoning from our present understanding of the relations between the Judith 
River and Claggett formations to the beds mapped by Dawson as Belly River, it seems h ighly 
improbable that a lithologic unit equivalent to the Claggett shale exists at any point im the 
western part of the area originally mapped by Dawson. Caimes, because of the intricate struc- 
ture of the foothill belt near the mountains, has probably mistaken areas of Bearpaw shale for 
the Claggett, to which it is very similar both lithologically and in fossil content, 

RELATIONS OF THE CONTINENTAL TO THE MARINE SEDIMENTS IN THE 

MONTANA GROUP. 

The formations at the locality on Two Medicine River described in this paper lie near the 
western edge of the Cretaceous interior basin. (See index map on fig. 9, showing the Cretaceous 
deposits of the interior basin of North America.) No areas west of this locality afford exposures 
of the Montana group belonging to this basin, so that by comparing sections of the Montana 
from the Black Hills region, the central Montana region, and the section on Two Medicine River, 
all of which lie approximately on a straight line, we are able to present correlations of this part 
of the Cretaceous from a point near the center of the Cretaceous basin to a point on the westem 

» Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8. Geol. Survey Bull. 257, pp. 24-25, 1905. 
> Moose Mountain district of southern Alberta: Canada Qeol. Survey Bull. 968, pp. 2&-29, 1907. 



THE MONTANA GBOUP OF NOBTHWEBTEEN MONTANA. 



«lge of the strata as they now re- 
main. In other words, we can show 
the relations, definitely in some areas 
and with probability in others, of 
the sediments that must have been 
deposited near the center of this 
Montana sea to those along its west- 
em mai^in. 

These relations are illtistrated 
in the diagram forming figure 9. 
The section at each of the localities 
given is built up on the top of the 
Colorado group as a datum plane, 
the rock units being all conformahle 
and the thicknesses drawn to scale, 
BO that the relative thickening or 
thinning of these units is properly 
indicated. The sediments that are 
mainly continental are indicated by 
open lining, those that are mainly 
marine are shown in closer lining, 
and the three important sandstone 
units of the group are shown in a stip- 
pled pattern. Thegeneral thickening 
of the strata on the landward side 
of the basin, due to the increase in 
the supply of material, is evident at 
a glance. The record from the top 
of the Colorado shale, a horizon that 
probably marks the period of maxi- 
mum extent of the Upper Cretaceous 
sea in this region, shows a series of 
advances and retreats of the sea on 
the westward or landward side of 
this basin, while marine conditions 
to the east or seaward side remained 
undisturbed. These were, as indi- 
cated by arrows on the diagram, 
first, a marked recession of the sea 
during which the Virgelle sandstone 
was laid down, followed immedi- 
ately by the piling up of continen- 
tal sediments which in the sec- 
tion on the Two Medicine are repre- 
sented by the strata at -the base of 
the Two Medicine formation; next 
an advance of the sea which did 
not reach so far as Two Medicine 
River except in probably only one 
brief epoch, during which the wedge 
of the marine Claggett shale was 
deposited; next a second recession, 
during wliich again a shore sand — 
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the upper part of the Claggett — was laid down. This recession was immediately followed by 
a period of continental deposition, in which was formed the wedge of the Judith River 
formation; then a second advance — the Bearpaw — ^much more extensive than the Claggett, 
which, like the former advance, did not result in the deposition of any great amount of sand; 
and, lastly, a third and very extensive recession, probably the final one for the western part 
of the region considered, during which again a persistent and easily identifiable sandstone was 
laid down, this deposition being followed inmiediately by the piling up of continental sediments. 
The deposition of a sand upon each retreat of the sea in contrast to the practical absence of such 
a sand on each advance is a notable phenomenon in this sedimentary record, and seems to indi- 
cate that each retreat of the sea was accompanied by land uplift with an increase in stream 
gradients and consequent coarsening of sediments and each advance by the opposite conditions. 
The close similarity between these three sandy formations is further brought out by the fact 
that they contain littoral marine faimas, those of the Fox HiUs and Horsethief sandstones and 
the sandstone at the top of the Claggett being practically identical and that of the Virgelle being 
a direct forerunner of later faunas. 

Above the Horsethief sandstone in the section on Two Medicine River there are light- 
colored soft clayey and sandy strata, already referred to as of continental origin, that are identical 
in appearance with the Belly River and Judith River strata. Although these rocks are younger 
than Montana in age, they deserve mention here because they seem to complete for a third 
time a cycle of sedimentation proceeding from purely marine to fresh-water or continental con- 
ditions. The first of these cycles is from the marine Colorado shale, through Virgelle sandstone, 
to the strata of continental origin in the lower part of the Two Medicine formation ; the second 
is from the marine shale of the Claggett, through the sandstone in its upper part to strata, 
also of continental origin, comprising the Judith River formation; and the third is from the 
marine Bearpaw, through the Horsethief sandstone, to the continental deposits above that 
sandstone. The relations in each cycle between the continental deposits and the underlying 
sandstone seem to be identical. The strata are apparently perfectly conformable and the 
impression is very strong that the same conditions ruled in each transition from marine to land 
conditions, or, in other words, the strata above the Horsethief sandstone are physically as closely 
related to the Bearpaw shale as the Judith River formation is to the Claggett or the Two Medi- 
cine formation to the Colorado shale. Now, these strata of continental origin above the Horse- 
thief sandstone constitute the St. Mary River beds of Dawson, which occupy the same position 
in the geologic column as the Edmonton formation of central Alberta and approximately that 
of the Lance formation of Wyoming. The age of this formation is therefore involved in the 
Lance-Laramie problem of North American geology, and in the opinion of the writer the fact 
that in this part of the interior basin this formation, which seems to be equivalent to the Lance, 
appears to be as intimately related stratigraphically to Cretaceous marine shale below it as are 
similar continental deposits well down in the Cretaceous section to a corresponding marine shale 
should receive considerable weight in the consideration of that problem. 

Lastly, the sedimentary record that has been described seems noteworthy because it shows 
three successive marked recessions of a sea which are not known to have produced unconformity 
or other hiatus in the stratigraphy — conditions commonly attendant on such recessions — but, on 
the contrary, seem to have been followed immediately by sedimentation at an increased rate, 
the strata deposited bearing conformable relations to the underlying rocks. The proper concept 
seems to be that each recession of the Upper Cretaceous sea in the northern interior region of 
North America was accompanied in extensive areas of lowlands on its margins not by upUft and 
erosion but by upUft and an increased rate of sedimentation. 



A DEEP WELL AT CHARLESTON, SOUTH CAROLINA. 



By Lloyd William Stephenson. 



INTRODUCTION. 

A deep well at Charleston, S. C, completed in May, 1911, has furnished valuable mfonna- 
tion in regard to the stratigraphy of the Cretaceous and younger deposits underlying that city. 
The well is owned by the Charleston ConsoUdated Kailway & Lighting Co. and is at the com- 
pany's gas works at the foot of Charlotte Street, near the shore of Cooper Kiver. The well 
samples and the well log from which the geologic data contained in this report were obtained 
were sent to T. Wayland Vaughan, of the United States Geological Survey, by I. N. Knapp, 
engineer in charge. The driller was H. O. Hendricks. Drilling was begun January 31, 1911, 
and the well was completed May 15, 1911. The total depth of the well is 2,001 feet (2,007 feet 
below the top of the casing). 

METHOD EMPLOYED IN DRILLING. 

The well was drilled by the hydraulic rotary method,* by which a drill pipe with a drill or 
bit belonging to one of several types attached at the lower end is rotated by machinery and 
at the same time water is forced down on the inside of the drill pipe to the bottom of the well 
and up again to the surface between the outside of this pipe and the wall of the hole. The 
materials loosened by the rotating bit are carried in suspension to the surface by the forced 
current of circulating water. When the bit is penetrating loose, caving sands, the water, 
before it is introduced into the* drill pipe, is mixed with clay until it forms a rather thick slush. 
The pressure of the column of muddy water as it is being raised to the surface on the outside of 
the drill pipe forces the slush into the interstices of the sands that form the waD of the boring, 
thus plastering the wall and producing a sort of mud casing, which usually prevents serious 
caving. It is expected that the material loosened by the bit and carried to the surface by the 
ascending current will be mixed with the material used to form the slush and also with such 
material as, in spite of the mud casing, may chance to cave from the walls of the boring. Sam- 
ples of the mixture thus formed are obtained by passing the emerging stream through a series 
of screens, or by catching the slush in a vessel and washing out the suspended materials. In 
this maimer fossils and fragments of the harder strata penetrated may be obtained. The 
softer sands, clays, and marls invariably have their character changed and more or less obscured 
by the mixing process. As the bit is rotated clay or limy mud frequently adheres to it; and 
in this material fragments of rock or fossil remains are sometimes caught and when the drill 
pipe is drawn from the well for the purpose of sharpening or renewing the bit samples of the 
adhering mud and its contents may be procured. 

Fossils obtained from a well drilled by this process, even if the material containing them 
is a mixture derived from several geologic horizons, may still have definite value in correlation, 
for a fossil must have come either from the depth at which it was taken or from some higher 
level; it could not have come from a lower level. Therefore, if fossils charfitcteristic of a cer- 
tain zone are taken at a given depth the zone must have been penetrated at that depth or at 
a higher level. 

In the samples from the Charleston well there is evidence of considerable mixing due to 
caving, but many of the samples contain fragments of rock which appear to reveal accurately 
the character of the harder strata penetrated at the depths indicated, and many of them contain 
fossils which appear to have come from approximately the depths indicated by their labels 

1 A more detailed description of this method is given by Isaiah Bowman in U. S. Geol. Survey Water-Supply Paper 257, pp. 70-75, 1911. 
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and which are sufficiently well preserved to permit their identification. Many of the samples 

contain a mixture of shells of Pliocene or Pleistocene age, 
originally derived from strata penetrated in the first 85 
feet of the boring, the mixing having been effected in part 
through the slush used to form the mud casing and in part 
by the caving of the walls of the well. The nature of the 
fossils and their condition of preservation are such that most 
of them are easily distinguishable from the older fossils, 
obtained at greater depths, and for this reason they do not 
interfere seriously with the interpretation of the remainder 
of the section. 

The diameter of the hole to various depths and the 
size and length of casings inserted are indicated diagram- 
matically in figure 10. The well was completed in 90 
working days of 10 hours each, the time including that 
required for inserting casing, fishing for lost tools, and 
making all necessary repairs. 



74 9 Bottom of 10' hole 



PRACTICAL RESULTS. 
QXTAKTITY AND TEHFEBATTJIIE OF THE WATER. 

The results of the undertaking are given in the fol- 
lowing statement, which is quoted in substance from the 
original log furnished by I. N. Knapp, engineer in charge: 

On May 16, the day after drilling was discontinued, clear water was 
pumped into the well in the same manner that the slush was pumped 
during the process of drilling. The temperature of the water emeiging as 
a result of the forced overflow thus procured was 66® F. A natural flow 
soon started, and by evening the temperature of the water had increased 
to 85® F. and it was flowing at the rate of 100 to 150 gallons a minute. 

On May 17 the flow increased, as did also thie temperature, and 
fragments of shale and micaceous sand were brought up in suspension. 

On May 18 the flow was irregular, varying with the amount of shale 
and sand brought up in suspension. 

On May 19 the water was flowing from the well at a rate sufl&cient 
to fill a 50-gallon barrel in 15 seconds. The water was muddy and at 
times carried much sand and shale in suspension. 

On June 3 the temperature of the water as it emeiged from the well 
was 99.75® F. The flow of the water, which rose to a height of 11 feet 
above mean low-water level, was sufficient to fill a 50-gallon barrel in 7 
seconds, or at the rate of 617,143 gallons a day. The water would rise in 
a pipe and flow a small stream at a height of 75 feet above mean low- 
water level. The water was still somewhat muddy. 

ECONOMIC VALUE OF THE WATER. 

According to R. B. Dole, of the United States Geo- 
logical Survey, the analysis indicates an extremely soft 
water, softer than the waters from the Chisholm mill well 
(depth, 425 feet) and the old Wentworth Street well (depth, 
1,260 feet). (See analyses in table on p. 93.) The water 
would deposit no scale in boilers and under ordinary con- 
ditions would cause no corrosion; if too strongly concen- 
trated by continuous evaporation it might cause foaming, 
but this could be obviated by regular blowing off. Noth- 
ing in the analysis indicates that the water would be harmful for drinking, though it doubtless 
has a slight mineral taste. 
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FioUBE 10.— Diagram of well at Charleston, 8. C, show- 
ing size of hole and length of casinKs inserted. All 
the measurements of depths were made from the top 
of the rotary Jaws, which stood 6 feet above the sur- 
face of the ground. 
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. The object in drilling the well was to obtain water for a boiler supply at the gas works and, 

according to Mr. Knapp, a practical test has shown that the water is satisfactory for this 

purpose. 

SCIENTIFIC RESULTS. 



THE WELL RECORD. 

A record of the well, compiled from a set of well samples and a well log furnished by Mr. 
Knapp, the engineer in charge, is given below. The fourth column gives the source of the 
samples as recorded by the engineer and additional information furnished by him concerning 
the character of the strata from which some of the samples were taken; the fifth column con- 
tains the writer's description of the samples; the sixth, seventh, and eighth columns constitute 
the well log, which was prepared by Mr. Knapp as the drilling progressed and which records his 
impression of the character of the materials penetrated. 

The materials penetrated in the well are of marine origin and consist of sands, clays, marls, 
and limestones. The sands are either soft, incoherent beds or layers in various stages of indu- 
ration, the hardest being a quartzite-like rock. They are in greater or less degree calcareous. 
Many of the samples are glauconitic and some are micaceous. The clays are likewise either soft 
unconsolidated beds or layers in various stages of compactness, the hardest being almost shaly. 
They are more or less calcareous and usually contain some mica. The limestones occur chiefly 
in the Eocene portion of the section. Some of the layers appear to be fairly pure, but the rock 
in most of the samples contains more or less sand. The drill penetrated many beds of shell marl. 

Record of Charleston Consolidated Railway de Lighting Co.^s welly drilled in 1911 at the gas works of the company y foot 

of Charlotte Street j near Cooper River j Charleston ^ S. C, 

[Engineer In charge, I. N. Knapp; driller, H. O. Hendricks. Drilling begun Jan. 31, 1911; well completed May 15, 1911.] 
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Sample 
No. 


Depth (in' 

feet) at • 

which 

sample 

was 

obtained. 


1 


40 


2 


62 

1 



Method of obtaining 
samples and other 
information f u r - 
nished by engineer 
in charge. 



From overflow.^ 



From overflow. 



73-75 



S2-83 



From overflow. 



Concentrated 
overflow. 



from 



Author's description of samples. 



Dark'gray, finely arenaceous 
and micaceous clay, With a 
few shells and fragments of 
lignite. 



Very coarse quartz sand w^lth 
numerous fragments of shells 
and a few well-preserved 
shells. 



Chiefly fragments of shells 
but contains numerous well- 
preserved shells. Includes 
a small percentage of coarse 
quartz sand. 



Same as sample No. 3 but con- 
tains small chunks of green- 
ish-yellow sand and small 
black pbosphatic pebbles. 



6 



I 
86 Mud from bit. 



Chunks of greenish-my soft, 
slightly sandy and argilla- 
ceous limestone or marl with 
Foraminifera and nodules 
of dark-gray calcareous pbos- 
phatic sandstone. (See list 
of Foraminifera in table on 
pp. 79-80.) 



Log of well furnished by engineer in charge.^ 



Material. 



Length of casing protruding 
above surfEUW of ground. 

Cinders, bricks, and tar 

Layers of sporuy material, 
blue clay, ana shells, with 
roots and bits of wood. 



An abundance of broken 
shells with sand. 



102 Mud from bit. 



Same as sample No. 5. (See 
list of Foraminifera in table 
on pp. 79-80.) 



Lavers of marl and some 
shells with nodules of 
phosphate rock. 



200 



Mud or cuttings from 
overflow. 



Oreenish-gray calcareous sand 
resembling Nos. 5 and 6 in 
color, with some Forami- 
nifera and some shells. (See 
list of Foraminifera in table 
on pp. 79-80.) 



Thick- 
ness in 
feet. 



10 
44 



88 



Depth to 

base 

in feet. 



16 
60 



62 



150 



a All the measurements given in this record were made from the top of the rotary Jaws as a datum plane. As the top of the rotary jaws was 
feet above the surface of the ground the exact depth of the well below the surface Is 2,001 feet instead of 2,007 feet. The top of the rotary Jaws 
was 144 feet above mean low water level. 

6 The term overflow, as used in this well record, means the flow of water emerging from the mouth of the well during the process of drilling, 
after its passage under pressure from the pumps, down the interior of the drill pipe, and up again to the surface between the outside of the drill 
pipe ana the wall of the hole. 
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Record of Charleston Consolidated Railway de Lighting Co.*s well, drilled in 1911 at the gas works of the company , foot 

of Charlotte Street^ near^ Cooper Rirer^ Charleston^ S. C. — Continued. 



Age and 
fonnation. 



Sample 
No. . 



S.I 

111 
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11 



Depth (tn 

feet) at 

which 

sample 

was 

obtained. 



220 



Method of obtaining 
samples and other 
Information f u r > 
nlshed by engineer 
in charge. 



Mod from bit. 



262-263 



Concentrated from 
overflow; hard lime- 
stone rock. 



270 



Mud from bit; hard 
drilling, about 6 
inches per hour. 



Author's description of samples. 



Same as samples Nos. 6 and 6; 
contains Foraminifera and a 
few pelecypods. (See list 
of Foraminuera in table on 
pp. 79-m.) 

(Xnm this depth to the bot- 
tom of the well nearlj all the 
samples contain a few Re- 
cent, Pleistocene, or Plio> 
cene shells, which doubtless 
represent mixtures resultixw 
from the caving of the walls 
in the upper 85 feet of the 
weU.) 



Fragments of gray, rather soft 
limestone or marl: oontafais 
Nodosarla cf. rapkinittrum: 
Cristellaria 1, 2, 6, 7, and 0. 



Chunks of grav limy mud, 
derived from limestone. 



200 



Concentrated 
overflow. 



from 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



299 



348-350 



361 



362 



365 



375 



396 



395 



427-433 



435 



439^44 



Mud from bit; hard 
lime rock. 



CoDcentrated from 
overflow. 



Mud from bit; very 
hard. 



Sample missing. 



Mud from bit; hard 
drilling , about 1 inch 
per hour. 



Concent rated from 
overflow. 



Mud from bit. 



Mud from overflow. 



Concent rated from 
overflow. 



Fragments of selected 
clay or shale from 
overflow. 



Concent rated from 
overflow. 



Fragments of rather soft lime- 
stone or marl with a few 
echinoid spines; contains 
also Nodosarla 3 and Cris- 
tellaria 10. 



Chunks of grav limy mud de- 
rived from limestone. 



Fragments of gray sandy, 
n^er soft limesUme or marl 
with a few echinoid spfaies. 



Chunks of bluish'gray calcar 
reous, argillaceous, and 
sandy mud, with chunks of 
dark calcareous sandstone, 
probably derived from 
sandy lunestone. 



Apparently a sandy limestone 
ground to a fine white mud 
by the bit. 



Fragments of light-gray sandy 
Limestone with a few echin- 
oid spines and fragments of 
shells: contains also Nodo- 
sarla 11 7. 



Apparently a sandy limestone 
ground to a fine gray mud 
by the bit. 



Chunks of gray porous calca- 
reous sandy mud, apparent- 
ly a sandy limestone ground 
and mixed by the bit. 



Fragments of light-gray sandy 
limestone with fragments of 
shells. 



Fragments of gray calcareous, 
micaceous shaly clay. 



Fragments of light-gray sandy 
limestone with numerous 
fragments of shells. 



Concent rated from 
overflow; bed of 
shells. 



Fragments of light-gray sandy 
limestone with numerous 
fragments of echinoid spines, 
bryocoans, and shells; con- 
tams Nodosarla 5. 



Log of well furnished by engineer in charge. 



Material. 



Layers of marl with streaks 
of shells. 

Very hard whitish lime- 
stone. 



Alternate layers of lime- 
stone and marl; hard to 
medium drilling. 

Hard rock 

Very soft material 

Marl 

Hazdrock 

Medium hard rock 



Excessively hard rook; 
drilled 1 inch per hour 
with flshtail bit. 




Hard rock and flint 

Excessively hard rock 

Hard white limestone 

Layers of marl; easy drilling 

Very soft material 

Hajxl dark-gray rock 

Marl 

Very hard material 

Soft material with sand and 
shells. 

Very hard material 

Soft dark clay 



Coarae-cutting rock, with 

shells. 
Shells and rock 



100 
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6 
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1 
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Depth to 

base 

In feet. 



3S7 
S48 
354 



S71 
879 



411 

413 
410 
421 
422 
42S 

426 
433 



439 
444 
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Record of Charleston Consolidated Railway dc Lighting Co,*$ well, drilled in 1911 at the gas works of the company, foot 

of Charlotte Street, near Cooper River, Charleston, S. C, — Continued. 



A^and 
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Sample 
No. 



24 



25 



Depth (tn 
feet) at 
which 
sample 



obtained. 



447 



454 



26 



27 



28 



20 



478 



500 



500 



504 



30 



615 



31 



525-640 



32 



544 



33 



34 



35 



650-670 



585 



Method of cA^lainfiig 
samples and other 
information f u r - 
nished by engineer 
tn charge. 



Concentrated from 
overflow. 



Mud and fragments of 
rock from bit. 



Mud from bit 



Mud from overflow. 



Concent rated from 
overflow. 



Sand from overflow. 



Cooocntrated from 
overflow. 



Cooocntrated from 
overflow; parts of 
several samples taken 
from between 525 and 
540 feet: all much the 
same, <uay and marls. 



Mud from bit, medium 
hard, black when 
wet. 



Concentrated from 
overflow; average of 
several samples. 



Author's description of samples. 



Mixture of fragments of light- 
eray sandy limestone and 
darker«<ray, flneiv arenace- 
ous, calcareous snaly clay, 
with numerous shell frag- 
ments and some fragments 
of BryoEoa; contains Nodo- 
saria 2 cf. raphinUtrumf 
Nodosaria 5. 



Chunks of dark-gray, flnely 
arenaceous and micaceous, 
calcareous clay; contains 
Textularla 6 cf. mtgittuia, 
Vemeuillna a cf. propinqua, 
Uvigerina a cf. canarientU, 
Olobieerina 6 cf. mquUaU' 
nlis, Truncatulina/cf. /ofta- 
tula, Polystomella, Mass!- 
lina. 



Chunks of lighter-grav, finely 
arenaceous and mfeaceous, 
calcareous clay; contains 
Textularla 6 cf. aagittula, 
Cassidullna cf. subglobosa, 
Lagena 6 cf. sulcata, Uvtge- 
rina pypawa, truncatu- 
Una / el. UMntia, Polysto- 
mella. 



Chimks of greenish-gray 
porous sandy calcareous 
clay. 



Fragments of gray calcareous 
shaly clay with some admix- 
ture of quarts sand. 



Loose dark-green, highly 
^auoonitic sand; the grains 
of quarts are dear and angu- 
lar; contains Textularla h 
cf. sotfttftOa. Polymorpbina 
df SphsBroidina cf . buUoHes, 
Truncatiilina / cf. jobototo 
Truncatulina k, Polysto- 
meUa. 



Fragments of gray shalv calca- 
reous clay mixed with grecn- 
Ish-gray calcareous mud. 



Fragments of grav shaly, flnely 
arenaceous, micaceous, cal- 
careous day and chmus of 
soft greenisb-gray limestone 
or marl which probably fell 
down from the Cooper marl; 
also looee sand; contains 
Foraminifera. (See list in 
table, pp. 79-80.) 



Chunks of dark-gray argiUa- 
ceous,0aucoaitic, calcareous 
sand. 



Fragments of grav shaly, flnely 
arenaceous, micaceous, cal- 
careous clav and chunks of 
soft greenisb-gray limestone 
or marl which probably Ml 
down trook the Cooper marl; 
also loose sand; contains 
Cristellaria 1 1 cf . dppeiformia. 



600 



Concentrated from 
overflow. 



Concentrated from 
overflow. 



Fragments of gray shaly, flnely 
arenaceous micaceous, cal- 
careous day and chunks of 
soft greenish-gray limestone 
or marl which probably fell 
down from the Coaptr marl; 
idso loose sand; contains 
Nodosaria 2cf. raphinittrum . 



Fragments of gray shaly cal- 
careous clay ana chunks of 
soft greenish-gray limestone 
or marl which probably fell 
down from the Cooper marl, 
with some sand. 



Log of well furnished by engineer in diarge. 



Material. 



Dark clay or shale 

Hard rock; required 2 hours 

to drill with fl.shtafl bit. 
Soft material with shells. . . . 



Black shale or clay ; no shells , 



Variable streaks of yellow 
sand and marl. 



Layers of black sand with 
streaks of marl. 



Alternating streaks of marl 
and clay, some yellow, 
some dark gray. 

Very hard rock 



Not described. 
Hard rock 



Alternating layers of black 
and darx-gray shale, me- 
dium to hard; no shells. 

Soft material 



Thick- 
ness in 
feet. 



24 

1 



21 



26.5 



.5 



8 
1 



41 
2 



Depth to 

base 

in fieet. 



468 
4W 

473 



404 



501 



610 



636.6 
537 



646 
646 



687 
680 



74 



SHOBTEB COKTBIBUTIONS TO GENERAL OEOLOOT, 1914. 



Record of Charleston Coruolidated Railway dc Lighting Co.*8 well, drilled in 1911 at the gas works of the company j foot 

of Charlotte Street, near Cooper River, Charleston^ S. C, — Continued. 



Age and 
formation. 



1 



Sample 
No. 



DepthCin 

feet) at 

whldi 

sample 

was 

obtained. 



36 



606 



37 . eao-wo 



38 



661 



89 



680-685 



40 



41 



42 



43 



44 



45 



46 



47 



48 



702 



725 



742 



750 



805-808 



810 



840-850 



855-860 



Method of obtaining; 
samples and other 
information f u r - 
nished by engineer 
in charge. 



Author's description of samples 



Mud frcun bit. 



Concentrated from 
overflow. Average of 
several samples; for- 
mation variable, thin 
strata, hard to soft, 
in colar yellowi^, 
light gray, dark gray, 



Mud from bit. 



Concentrated from 
overflow. 



Mud from bit; very 
hard dark-blue lime- 
stone. 



Concentrated from 
overflow. 



Mud from bit; dark 
gray, almost black 
when wet; very 
hard. 



Mud from overflow. 



Sandrock cuttings, 
concentrated from 
overflow. 



Mud from overflow; in 
hard rock. 



Cuttings concentrated 
from overflow. 



870-800 



Cuttings concentrated 
from overflow. 



Selected from overflow; 
average. 



Chunks of gray, finely arena- 
ceous ana micaceous, cal- 
careous clay, with fra>gments 
of greenish-Kray marlwhidi 
probably feu down frcun the 
Cooper marl. 



Fragments of gra^ shaly, finely 
arenaceous, micaceous, cal- 
careous clay and chunks of 
soft greenish-gray limestone 
or marl which probably fell 
down frcun the tkopv marl; 
also loose sand; contains 
Foraminifera. (See list in 
table, pp. 79-80.) 



Chunks of grav, finely arena- 
ceous and micaceous, calca- 
reous clay. 



Fragments of grav shaly, finely 
arenaceous, micaoecus, cal- 
careous clay and chunks of 
soft greenisn-eray limestone 
or marl whicn probably fell 
down from the Cocper marl ; 
also loose sand; contains 
Nodosarla 15. 



Chunks of gray calcareous clay 
with white streaks of lime; 
contains Nodosaria 15 and 
Cristellaria 1 1 cf . dvpetformU. 



Fragments of grav shaly, finely 
arenaceous, micaceous, cal- 
careous clay and chunks of 
soft greenish^ray limestone 
or marl which probably fell 
down from the Cooper marl, 
also loose sand; contains 
Cristellaria 1 1 cf . dfpei/ormia. 



Chunks of gray calcareous 
clay with while streaks of 
lime; contains Nodosaria 15 
and Cristellaria 11 cf. dirpei' 
formis. 



Gray calcareous, slightly ar- 
gillaceous, glauconitlc sand: 
contains Clavulina cf . angu- 
larU, Nodosaria 2 cf. rapAin- 
UtTum 7, Nodosaria 14, No- 
dosaria 15, Cristellaria 11 cf. 
difpeiformis, Vaginulina. 



Very coarse quartz sand with 
fragments of gray glauoo- 
nltic sandstone and numer- 
ous small black phosphatic 
pebbles. 



Oray porous calcareous clay 
with some sand; contains 
Gavullna cf. anintlaris, No- 
dosaria 14. CristeUaria 11 cf. 
dfpeiformts, Vaginulina. 



Gray shaly, finely arenaceous 
clay with numerous small 
black phosphatic pebbles 
and some sand; contains 
Clavulina cf. angularis, Cris- 
tellaria 11 cf. dypeiformU. 



Same as sample No. 46, ex- 
cept tbat black pebbles are 
not numerous; contains Cla- 
vulina of. angiilariSf Nodo- 
saria 14, Cristellaria 11 cf. 
dypti/ormig. 



Same as sample No. 47: con- 
tains Clavulina cf . anffuiarit, 
Nodosaria 14, Nodosaria 15, 
Cristellaria 11 cf. djfpei- 
formis. 



Log of well ftunished by engineer In charge. 



Material. 



Thick- 
ness in 
feet. 



Altematinglayers of medium 
hard dark-colored marls 
and shales. Bit pulled 
from 608 feet showed mica 
in mud. 

Very hard material 



36 



Thin layers of light-colored 
marl and Ihnestone, me- 
dium hard to hard. 



Very hard bhie lime8t<me. 



Variable layers of light-ool- i 
ored clay or marl i 

Soft grayish white clay in 
overaow. 

Not described 



75 



Very hard material; re- 
quired 10 hours continu- 
ous drilling with flshtaO 
bit. 



Hard material; medium to 

hard drilling. 

Hard rock 

Alternating thtn Uiyers of 

medium to hard rock. 
Soft material, possibly sand. 



L5 

31.5 
2 
5 



Marl 

White sandy material. 



18 

5 
24 

2 



12 
3 



Layers of light-gray to black 
marl; easy drilling; vari- 
able materials. 



110 



Depth to 

base 

in feet. 



625 



636 



701 



702L5 

734 
73« 
741 

744 



762 

787 
791 

793 



805 

808 



918 
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Record of Charleston Consolidated Railway d: lAghting Co.*s well, drilled in 1911 at the gas works of the company ^ foot 

of Charlotte Street, near Cooper RiveTy Charleston, 8, C. — Gontinued. 



Age and 
formation. 



1 



Sample 
No. 



Depth (in 

feet) at 

which 

sample 

was 

obtahied. 



49 



50 



51 



52 



53 



54 



55 



56 



57 



58 



59 



60 



61 



920 



BCethod of obtaining 
samples and other 
information f u r - 
nished by engineer 
bi charge. 



Author's description of samples. 



Mud from overflow, 



Gray calcareous, slightly ar- 
gillaceous sand; contains 
Clavulina cf. ajiffularU, No- 
dosaria 15, Cristellaria 11 cf. 
clypeifortnis. 



920 



950 



950 



1,000 



1,000 



1,016- 
1,080 



Same as sample No. 49 
with mud washed 
out. 



Oray shaly calcareous, finely 
arenaceous clay witn some 
sand; contains Clavulina cf. 
anouIaTis, Ostrea sp. (young 
individual), fragments of 
Anomia argerUaTta Morton, 
and tooth of CVmiz falcatua 
Agassis. 



Mud from overflow. 



Oray calcareous, argillaceous 
sand. 



Same as sample No. 51 
with mud washed 
out.. 



Gray shaly, finely arenaceous 
clay with a few small black 
phosphatic pebbles and 
some sand; contains Nodo- 
saria 16 cf. inflem, Ostrea 
sp. (young individual), and 
Anomia argetUaria Morton. 



Mud from overflow. 



Concentrated from 
mud; same as sample 
No. 53. 



Concentrated from 
overflow. 



1,035- 
1,045 



1,055- 
1,058 



1,055-' 
1,058 



1,090- 
1,100 



1,130- 
1,140 



1,150- 
1,200 



Concentrated from 
overflow. 



Gray calcareous, slightly argil- 
laceous sand. 



Coarse, sand with numerous 
fragments of gray shaly cal- 
careous clay; contains Os- 
trea sp. (yoimg individual), 
and tooth of Corax fakatus 
Agassiz7 



Gray shaly calcareous, finely 
arenaceous clay with sand 
and sandstone fragments; 
contains Ostrea faleata Mor- 
ton. Ostrea plumosa Morton, 
Anomia argentaria Morton, 
and tooth of Corax fakatus 
Agassis? 



Loose light -gray calcareous 
sand with scattered grains of 
glauconite; contains Ostrea 
Jaleata Morton. 



Mud from overflow. 



Concentrated from 
overflow. 



Chunks of gray calcareous, ar- 
gillaceous, slightly glauco- 
nitic sand. 



Fragments of gray shaly cal- 
careous, finely arenaceous 
clay, with considerable fine, 
slightly glauconitic mj 
sand and a few small black 
phosphatic i)ebbles; con- 
tains Arunnia argentaria 
Morton (fragment). 



Concentrated f r 6 m 
overflow; uniformly 
hard, sandy clay. 



Fine light-gray, slightly glau- 
conitic sand with small 
fragments of gray calcareous 
shaly clay. 



Concentrated from 
overflow; easy drill- 
ing; uniform mate- 
rial, consisting of 
sandy clay, with 
some shells.' 



Selected from concen- 
trates. 



Same as sample No. 59; con- 
tains Lima retieulala Forbes 
(fragment). 



Gray shalv, finely arenaceous 
and mfcaceous, calcareous 
clay, with a few chunks of 
greenish - gray calcareous 
clay and some sand: con- 
tains Btlrmnitella amerieana 
( Morton )? (fragment ) . 



37183*^—15 6 



Log of well furnished by engineer in charge. 



Material. 




Greenish shale. 



Uniformly hard material, 
probably sandy lime- 
stone. 

Marl; easy drilling 

Hard limestone 

Marl 

Probably cemented shells; 
rough drilling. 

Marl 



Sandrock 



Depth to 

base 

inliBet. 



022 



3S 



960 



14 


974 


4 


978 


14 i 


992 


2 i 


994 



6 



1,000 



15 



1,015 



Thin layers of shale, sand- 
rock, and marl. 

Hard material, probably 
sandrock. 



20 
4 



1,035 
1,039 



Layers of light to dark gray 
clay with thin layers of 
sandrock. 



61 ; 



1,100 



Dark-gray and blue sandy 
shale; good drilling. 



83 1,183 



76 



SHOETEE CONTBIBUTIONS TO GENERAL GEOLOGY, 1914. 



Rtcofdof Charleston Consolidated Railway & Lighting Co.^s well, drilled in 1911 at the gas works of the Company, foot 

of Charlotte JStreet, near Cooper River y Charleston^ S, C. — Continued. 



Age and 
formatioD. 



1 



I 



5 
I 

P. 
1^ 



t 

1 



Sample 
No. 



Depth (in 

feet) at 

which 

sample 

was 

obtained 



63 



63 



64 



65 



66 



67 



68 



68a 



60 



70 



71 



1,230- 
1,250 



1,250 



1,262- 
1,275 



1,262- 
1,275 



1,306 



1,300- 
1,306 



1,310- 
1,320 



1.340- 
1,360 



1,340- 
1,360 



1,37&- 
1,400 



1.420- 
1,430 



Method of obtaining 
samples and other 
Information f u r - 
nished by engineer 
in charge. 



Concentrated and se- 
lected; fossils, py- 
rites, and marls. 



Mud from bit; black 
and grayish when 
wet. 



Mud from overflow. 



Same as sample No. 
64 but wasned and 
concentrated. 



Mud from bit. 



Washed from overflow 
and selected. 



Concentrated lirom 
overflow. 



Mud from overflow; 
medium-hard sandy 
rock; good drilling. 



Washed and selected 
from overflow; same 
as sample No. 68. 



Concentrated and se- 
lected; shells 1,375 to 
1,381 feet. 



Concentrated and sen 
lected from overflow. 



1,440- 
1,450 



73 


1,460- 
1,470 


74 


1,480- 
1,490 


75 


1,.50()- 
1,510 


76 


1,514 



Concentrated and se- 
lected from overflow; 
shells. 



Concentrated and se- 
lected from overflow. 



Concentrated and se- 
lected from overflow. 



Concentrated and se- 
lected from overflow. 



Author's description of samples. 



Same as sample No. 61, with 
chunks 01 greenish-gray 
marl which probably fell 
down from the Cooper marl; 
contains the coral Trochocy- 
athus sp. (afl. T. tcoolmani 
Vaughan), identified by T. 
Wayland Vaughan. 



Chunks of dark-gray, finely 
arenaceous ana micaceous 
clay with some sand. 



Gray sandv, slightly argilla- 
ceous, calcareoua sand. 



Gray coarse, slightly glauco> 
nitio sand and gray shaly, 
finely arenaceous and mi- 
caceous clay. 



Chunks of gray, finely arena- 
ceous and micaceous clay. 



Fragments of gray calcareous 
shaly clay and gray calcare- 
ous sandstone with a few 
small black phosphatic peb- 
bles. 



Gray calcareous sand and frag- 
ments of sandstone wiUi 
fragments of gray shaly cal- 
careous clay. 



Loose gray calcareous, slightly 
glauconitic and micaceous 
sand, with chunks of slightly 
indurated sand. 



Chunks of gray calcareous, 
slightly gutuconitic sand- 
stone, ana fragments of gray 
shaly calcareous clay; con- 
tains Ostrea sp. (young indi- 
vkiual) and Ezogyra 
(fragments of the 
valve). 



a sp. 
small 



Coarse grav sand and frae- 
ments or calcareous sand- 
stone with a few fragments 
of gray shaly calcareous 
clay; fragments of shells nu- 
merous; contains Ottrea 
plumoia Morton; Ostrea sp. 
(young individuals). Ezo- 
gyra sp. (ftragments), and 
tooth of Lamna?; shells 
from 1,375 to 1^1 feet. 



Same as sample No. 70. 



Same as samples Nos. 70 and 
71; contains Ostrea plumosa 
Morton, Exogyra sp. (frav- 
ments), Anomia araentaria 
Morton, and a small shark 
tooth. 



Similar to samples Nos. 70-72 
but contains more loose sand. 



Fragments of gray, finely are- 
naceous and micaceous, cal- 
careous clay and gray argil- 
laceous sandstone. 



Same as sample No. 74. 



Mud from bit; 
hard material. 



verv ' ^""^8 of dark-gray, finely 
^ ' arenaceous and micaceous 
clay with some sand. 



Log of well furnished by engineer in charge. 



Material. 



Sandy marl with reddish 

fosul shells. 
Hard rock 

Not described 

Medium-hard rock 

Soft sandrock 



Soft to medium-hard layers 
of marl and sandstone. 



Hard rock 

Variable layers of shale and 
sandy shale, with some 
shells and fish teeth. 



Medium-hard sandy rock; 

uniform drilling. 
Hard rock 

Soft material with broken 

shells. 
Probably sandy marl; good 

drilling. 
Hard rock 

Not described 

Very hard rock 



Layers of soft black sticky 
clay with medium to hard 
shales and sandstones in 
thin layers. 



Thfck- 

nessin 

feet. 



57 
1 



Depth to 

base 

in feet. 



I 



10 



2 

14 



30 



2 
28 



36 
3 

6 

35 

2 



12 
1 



88 



1,240 
1,241 



1,260 



1,262 
1,276 



1,306 



1,306 
1.336 



1,372 
1,375 

1,381 
1,416 
1,418 



1,490 
1,431 



1,510 
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Record of Charleston Consolidated Railway 4? Lighting Co.'s well, drilled in 1911 at the gas works of the company, foot 

of Charlotte Street, near Cooper River, Charleston, S. C. — Continued. 



Age and 
formation. 



Sample 
No. 



Ill 



a 

I 

M 

s 

M 

M 



a 

Q 






72 



rs 



79 



Depth (in 

feet) at 

which 

sample 

was 

obtained. 



80 



81 



82 



83 



84 



85 



86 



87 



88 



89 



go 



91 



92 



Method of obtaining 
samples and other 
information f u r • 
nished by engineer 
inchwge. 



1,540- 
1,560 



cuttings selected from 
overflow. 



l.&SO- 
1,560 



1,560- 
1,570 



Shale and bits of py- 
rites selected from 
overflow. 



Selected from overflow. 



1,590- 
1,600 



1.620- 
1,630 



1,640- 
1,642 



Cuttings from.overflow. 



Cuttings from overflow. 



Mud from overflow. 



1,660- 
1,670 



Selected from overflow. 



1,660- 
1,670 



Mud from overflow; 
soft; easy drilling. 



1,700- 
1,705 



1,720- 
1,723 



1,720- 
1.723 



1,725- 
1,730 



Selected from overflow. 



Concentrated from 
overflow; very hard. 



Mud from overflow; 
same as sample No. 
86. 



Author's description of samples. 



Gray shaly, finely arenaceous 
and nucaceous clay and 
fragments of soft gray cal- 
careous, arglllaoeous, slightly 
gauconitic sandstone; con- 
ins Peeten venuttfu Morton. 



Same as sample No. 77. 



Same as samples Nos. 77 and 
78. 



Same as samples Nos. 77-79 
but contain^ some sand. 



Similar to samples Nos. 77-80 
but contains much sand. 



Same as samples Nos. 77-79; 
contains some fragments of 
shells. 



Same as samples Nos. 77-79; 
contains Ostrea sp. (young 
individual) and two teeth o! 
flsh. 



Loose gray calcareous sand 
with numerous fragmfluts of 
gray shaly calcareous clay. 



Same as samples Nos. 77-79. 



Gray shaly, finely arenaceous 
and micaceous clay, witii 
fragments of gray calcareous 
sandstone; contains a shark 
tooth. 



Loose light-gray glauconitic, 
calcareous sand, with frag- 
ments of gray shaly clay. 



Mud from overflow; 
hard to very hard, 
with one soft streak. 



1,736 



1,78^ 
1.767 



1,790- 
1,800 



Mud firom bit. 



Concentrated from 
overflow; very hard, 
with one soft streak. 



Same as sample No. 87; con- 
tains Nodosaria 6 and 17. 
Otirea eretaeea Morton 7 
fyoung individual), and 
fragments of Peeten ^uingue- 
eostatut (Sowerby). 



Chunks of gray argillaceous, 
micaceous, calcareous sand; 
contains Crassatellites sp. 
(cast). 



Loose gray calcareous, slight- 
ly glauconitic sand, with 
fragments of gray calcare- 
ous shaly clay. 



From overflow; hard 
rock. 



Same as sample No. 90. 



1,800- 
1,812 



Selected from overflow I T^ftfl««^a«-»«««,^.-««/i «*♦>, 
(from 1,802 to 1,804 Loose coaree quarts sand, with 
feet lost water; prob- ^Pmenta o^gray calcareous 
ftblv water sand ' shaly clay; contains Bryo- 
Sm5rock!lLd Ihfi , «>^^ Ostrea eretaeea Morton, 
streaks ol marl). ^^^ * coprolite. 



Log of well furnished by engineer in charge. 



Material. 



Uniformly hard shale 

Verv sticky shale 

Rock 



Layers of medium to hard 
shales with iron pyrites 
and layers of black shales; 
required frequent spud- 
dhig. 



Very hard rock 

Variably thin strata of dark 
shale. 

Broken shells 

Marl 

Very hard rock 



Shales in layers; easy drill- 



ing. 
Lard 



Hard rock, probably lime- 
stone. 

Probably limestone and flint; 
very bard and rough drill- 
ing. 



Layers of hard rock; rough 
driUfaig. 



Soft, sttoky whitish clay. 



Thin layers of hard rock 
(rough drilling) with thin 
streaks of soft material. 
The layers are a few inches 
to 2 feet thick. 

Whitish clays and shales, 
with hard lumps anu 
layers. 

Soft white shales 



Hard black marl, with nod- 
ules and lumps; rough 
drilling. 

Sands and shales; lost water 
in driUing. 



Thick- 
ness in 
feet. 



Depth to 

base 
in feet. 



12 



16 
5 



63 



2 
23 



I 



2 

3 i 

3 i 



46 

13 

4 



13 



30 



15 
2 



25 
2 



1,531 



1,547 
1,552 



1,615 



1,617 
1,640 



1,642 
1,645 
1,648 



1,694 
1,707 
1,711 



1,724 



1,729 



1,759 

1,774 
1,776 



1,801 
1,803 



78 
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Record of Charleston Consolidated Railway dc Lighting Co.^s well, drilled in 1911 at the gas works of the company, foot 

of Charlotte Street^ near Cooper River, Charleston^ S. C. — Continued. 



Age and 
formation. 



Sample 
No. 



93 



Depth (in 

feet) at 

which 

sample 

was 

obtained. 



94 



94a 



05 



96 



97 



98 



99 



100 



101 



102 



1.813 



vn 



1,816- 
1,818 



1,830? 



1,832 



1,835 



1.835 



1,839 



1.839 



1,841 



1,862 



1,862 



Method of obtaining 
samples and other 
information f u r • 
nished by engineer 
in.charge. 



Mud from bit. 



Author's description of samples. 



Log of well furnished by engineer in chaige. 



Chunks of gray calcareous, 
finely arenaceoas and mi- 
caceous clay. 



Selected lh>m overflow. 



Questionably firom this 
depth. 



Mud from bit. 



Mud from bit; very 
hard conglomeratic 
rock. 



Taken from mud on 
bit. 



Concentrated from 
mud on bit; very 
hard; slow drilling; 
knots or lumps m 
material. 



From mud on bit; 
same as sample No. 
98. 



Concentrated from 
mud on bit. 



Mud from bit. 



Concentrated from 
mud on bit; same as 
sample No. 101. 



103 


1,887 


104 


1,887 


1^ \% 


100 


1,9.50- 

1,W30 



Concentrated from 
mud on bit. 



Mud from bit; same as 
sample No. 103. 



Sand from overflow. 



Chunks of soft greenish-grav 
limestone or marl which 
probably fell down from the 
Cooper marl, and chunks of 
hara gray glauoonitic sand- 
stone. 



Chunk of hard gray, slightly 
calcareous sandstone or 
quartxite. 



Chunks of finely arenaceous 
and micaceous calcareous 
clay, with white streaks of 
lime; contains fragment of 
Exogyra pondrroM Boemer? 



Same as sample No. 95. 



Chunk of hard gray calcareous 
sandstone or quartxite. with 
poorly preserved shell re- 
mains. 



Loose, coarse sand with 
chunks of hard gray svid- 
stone, a few sniaU water- 
Worn pebbles and chunks of 
gay sandstone; contains 
strea sp. (firagment), and 
tooth of Coriafaleatut Agas* 
six. 



Chunk of hard gray calcare- 
ous, micaceous sandstone or 
quartxite. 



Coarse sand with chunlcs of 
grey calcareous sandstone, 
gray calcareous shaly clav, 
a few quartx pebbles up to 
•^ inch in length, and frag- 
ments of shells; contains 
UarMdus onyx Morton, 0«- 
trea cretaeea Morton, and 
undetermined pelec y p o d 
cast. 



Qray calcareous, flinely arena- 
ceous and micaceous clay. 



Very coarse sand with chunks 
01 gray calcareous sand- 
stone, chunks of gray calca- 
reous shalv clay, a few 
quartz pebbles up to | inch 
in length, and shell frag- 
ments; contains Oatrea cre- 
taeea Morton, Orypbsea sp. 
(small), and Ezoffyra jtonae- 
rota Roemer? 



Same as sample No. 102; con- 
tains Ostrea sp. 



Chunks of dark-gray, finely 
arenaceous and micaceous 
clay. 



Loose gravt slightly glauco- 
nitic, cafcareous sand; con- 
tains Cristellaria 12. 



Cx)nc«ntrat«i from 
overflow. 



l/J7o Mud from bit. 



Loose, coarse sand with nu- 
merous small fragments of 
shells. 



Chunks of gray calcareous, 
finely arenaceous and mica- 
ceous clay. 



Material. 



Lavers of excessively hard 
lunestonewith thin layers 
of sand, black shale, py- 
rites. iJiells, and fossil 
wood. 

Soft yeUow sandrock 

Not described 

Hard white limestone 



Layer of shale, oon^mer- 
ate, limestone, sandstone; 
excessively hard, thin 
layers of pyrites; some 
layers of pyrites drilled at 
rate of 1 inch per hour 
with Sharp & Hughes bit 
in good oraer. 

Very hard sandy limestone; 
good drilling. 



Verv hard rock. 



Hard shales which produce 

a sticky mud. 

V'erv soft material 

Medium-hard shales with 

thin, soft layers, probably 

sand; easy drilling with 

fishtail bit. 
Medium-hard rock 



Soft to medium-hard layers 
of shale and sand, some 
Kind and shell breccia in 
overflow. 

Verv hard sandrock; fish- 
tall bit would not make 1 
inch per hour. 



Thick- 
ness in 
feet. 



12 

3 

12 



Depth to 

base 
infest. 



1.816 

1,818 
1,830 



1. 



15 



14 



1,847 



6 



39 

3 

38 



4 
23 



1,861 



1,867 



1,906 

1.909 
1,947 



1,951 
1,974 



i,9r^ 
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I of Charle»Um ComolidaUd Railway & Lighting Co.'» vitll.drilUd in 1911 at the goM works of Iht company, foot 
of Charhtte Street, near Cooper River, Charlaton, S. C— Continued. 



Dcptb (In 
reetlat 
wUeh 
sample 

obtained 



l,fi74- 
1,007 



l,B74- 
1,007 



l,B74- 

1,007 



CoDcentnted 



Ivenge of n 
brought to 
bj natunil tu 



BniUEht to taitaet by 



A uthor '1 dcscrlpUou of sainpl i 



Loose, modlum-gralned mlcft- 
ceoua, cBlcHreau? sand with 
bltsollJgnlte. 



Chuoka o[ gray laminated 

mlcacoous, slightly caleare- 

clajwlth nnesand part- 



Chunka of lighl-gny mks- 
ceous, calcaiDOUs saoditono 
orquBTtillo; chuokaofgray 
calroteoua stiaJy clay: one 

pyrites: smBll wBterworn 
pebblo, llgalta, asd num^r- 
oua ahelli and fragmsnts ot 
stiQlla. RecOEnlied (rag< 
■Dent of small coral, Bryo- 
Ka (lacniatlng), Oitna sp. 






SS?ol" 



Log ot wtil foruiilied by euglnew In chuga. 



Dtmtbto 



Fossil's OBTAINED FBOU THE WBU^ SAMPLES. 

PROTOZOA, 

The subkingdom Protozoa is represented in the well section by numerous specimens of 
Foraminifera, which were referred to Joseph A, Cushman for identification. The species recog- 
nized by hiTti and their distribution in the well are indicated in the accompanying table. All 
measurements of depth indicated in this table and on the following pages were made from the 
top of the rotary jaws, which stood 6 feet above the surface of the ground: 

Foraminifera from well of Charleston ContolidaUd RaHwas A lAghUng Co., Charleston, S. C. 
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Foraminif era from well of CharUtlon Consolidated Railway <t Lighting Co., CharUiton, S. C. — Continued. 
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In r^ard to the Foraminif era listed in the table, Dr. Cushman says : 

The Foraminifera of the deep well at Charleston have heen examined carefully down to station 50 (depth 920 feet), 
where the known Cretaceous b^ins, in order to determine, if ppssible, the limits of the Cretaceous in the questionable 
sections above. The samples of the Cooper marl, Nos. 5, 6, 7,. and 8, were first carefully studied. These samples 
contain a very rich foraminiferal fauna, as will be seen by the accompanying chart of distribution. Of the 81 species 
recorded from the well 71 occur in these four samples. Sample 6 was much the richest in species, containing 50 of the 
71 Cooper marl species. In general it is such an assemblage as may have occurred in water ranging in depth from 
100 to 200 fothoms. It is most marked by the practical absence of the Miliolidee, only one species being present and 
that allied to the forms found in the deeper water of present oceans. 

A study of the washed material from stations 25 to 50, the questionable section, soon showed that material from 
several horizons had been mixed. As noted by those who had previously examined the lithology of this material, the 
Cooper marl had dropped down in the boring and had been mixed nearly throughout the samples taken below, so 
that it became necessary to eliminate the Cooper marl species from each sample. The occurrence of these speciecf 
was noted and is charted for samples 25, 26, 29, and 31, but it was soon seen that these species represented merely the 
material which had accidentally dropped from above, so that the charting was not continued. These species occur 
similarly in the samples down to 50, where the known Cretaceous begins. 

It became apparent that the upper part of the section was of slight interest as far as the Foraminifera were con- 
cerned, but in sample 39 other species were foimd. These, however, are too few and poor to afford very definite informa- 
tion, but when sample 43 was reached a marked change was shown in both the physical character of the test and in 
the species. At this level there were specimens of the genus Vitrewebbina attached to specimens of Cristellaria and 
Nodosaria. This genus is recorded from the Cretaceous of New Jersey by Bagg. These and certain other forms occur- 
ring at this level seem to show that the Cretaceous strata here lie as higji as the 750-foot level. The same species charac- 
terize the samples taken immediately below. 

Many of the forms, especially those of the Cooper marl, have been referred to known species, but the whole series 
shows marked differences from allied known faimas and the material must be carefully studied in conjunction with 
that from other localities for final determination. Meanwhile the data showing the distribution of the fosdls in the well 
samplee are available for use. 

CCELENTERATA. 

A coral identified by Vaughan as Trochocyathu8 sp. aff. T. woolmani Vaughan was found 
in sample 62, depth 1,230-1 ,250 feet, and a fragment of an unidentified coral was found in 
sample 112, depth 1,974-2,007 feet. 

ECHINODEBHATA . 

The spines of unidentified echinoderms were found in four of the samples as follows: Sample 
11, depth 290 feet; sample 13, depth 348-350 feet; sample 17, depth 365 feet; sample 23, depth 
439-444 feet. 

V KItM KS • 

Hamulus onyx Morton, a species regarded as belonging to the subkingdom Vermes, was 
found in sample 100, depth 1,841 feet. 

MOLLUSCOIDEA. 

The subkingdom MoUuscoidea is represented in the weU by Bryozoa, fragments of which 
were contained in samples 22, 23, and 24. In these samples R. S. Bassler has recognized the 
following species: 

Sample 22, depth 435 feet, contains Entalophora cf . macrostoma. 

Sample 23, depth 439 to 444 feet, contains Heteropora sp. nov., Escharinella (cf. dUimuralis 
U. and B. of the Rancocas formation, but has smaller pores), Amphiblestrum (cf. heteropora 
G..and H. of the Rancocas formation), Lichenopora (cf. grignonensis Milne-Edwards). 

Sample 24, depth 447 feet, contains Heteropora sp. nov., Escharinella (cf. aUimuroMs 
U. and B. of the Rancocas formation, but has smaller pores). 

MOLLUSCA. 
MOLLUSKS FBOM THE PLSISTOCXITB AVD PLIOCSHE. 

Fossil mollusks were found in samples 1 to 4, as follows: 
Sample 1, depth 40 feet, contained a few shells. 

Sample 2, depth 62 feet, contained numerous fragments of shells and a few well-preserved 
sheUs. 
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Sample 3, depth 73-75 feet, consisted chiefly of fragments of shells with nimierous well- 
preserved shells. 

Sample 4, depth 82-83 feet, consisted chiefly of fragments of shells, with nmnerous well- 
preserved shells. 

The fossils from samples 1 to 3 are of Pleistocene age and those from sample 4 are of Pliocene 
age. (See pp. 71, 85.) 

Many of the samples taken between the depth of 86 feet and the bottom of the well contained 
a few Pleistocene or Pliocene shells, which doubtless represented mixtures resulting from the 
caving of the walls in the upper 86 feet of the well. Most of these fossils were easily distinguish- 
able from the older Eocene and Cretaceous fossils, and since their mention would serve only 
to confuse the reader they have been disregarded in all that follows. 

MOLL0BKS FKOM THE EOCXITB. 

The samples from the strata of uppermost Eocene or OHgocene age between the depths of 
86 and 220 feet (samples 5 to 8, inclusive) and the samples from strata of undoubted Eocene 
age penetrated in the well between the depths of 262 and 447 feet (samples 9 to 24, inclusive) 
contained a few fragments of unidentified mollusks in addition to nimierous shells which were 
obviously present as a mechanical mixture from the upper 86 feet of the boring. 

MOLL0BKB FBOM THE CRETACEOUS. 

Exclusive of the shells which were obviously present as a mechanical mixture from the 
upper 86 feet of the section, samples 50 to 112, representing depths from 920 to 2,007 feet, 
contained the species of fossil mollusks listed in the following table: 

Cretaceous mollusks from the deep well of the Charleston Consolidated Railway <t Lighting Co., Charleston, S. C. 



No. of sample 


50 
920 


52 
950 


54 
1,000 


55 

1,015- 

1,030 


56 

1,035- 

1,045 


58 

1,055- 

1,058 


60 

1,130- 

1,140 


61 

1,150- 

1,200 


69 

1,340- 

1,360 


70 

1,375- 

1,400 


72 


Depth in feet 


1,440- 
1,450 
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No. of sample 
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1,730 
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1,812 
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1,832 
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1,839 
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1,841 
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ABTHBOPODA. 

The subkingdom Arthropoda is represented among the f ossib from the well by specimens of 
Ostracoda. A species of Cytheridea, closely related to C. ferarcfWdta, Ulrich, was obtained from 
sample 25, depth 454 feet; a few Ostracoda were fomid in samples 26-48, depths 478 to 890 
feet; and a few specimens of imidentified Ostracoda were also found in some of the samples 
taken between depths of 920 and 2,007 feet. 

VEBTEBEATA. 

• 

A few remains of fossil vertebrates were obtained from samples representing the Cretace- 
ous portion of the section, as follows: 

Samples 50, 54, 55, taken at depths of 920, 1,000, and 1,015-1,030 feet, respectively, Corax 
falcatus Agassiz (a shark); sample 70, 1,375-1,400 feet, Lamna?; samples 72, 83, 86, from 
depths of 1,440-1,450, 1,660-1,670, and 1,720-1,723 feet, respectively, shark teeth; sample 
92, 1,800-1,812 feet, coprolite; sample 98, 1,839 feet, Corax falcaiua A%q^q\z\ sample 100, 1,841 
feet, Ptychodus? (fragment of tooth). 

PLANTS. 

The only plant remains found in the samples were a few fragments of lignite in sample 1, 
depth 40 feet; numerous fragments of lignite from samples 109, 110, and 112, depth 1,974- 
2,007 feet; and numerous comminuted vegetable fragments in sample 111, depth 1,974-2,007 
feet. 

BECOBD OF ANOTHEB WELL AT CHABLBSTON. 

The record of a well 1,980 feet deep, drilled under the auspices of the city council of Charles- 
ton between the years 1876 and 1879 by Mr. F. Spangler, is inserted here for purposes of com- 
parison. The well is known as the Citadel Green well and is at the southwest comer of the 
South Carolina Military Academy grounds, near the comer of King and Calhoun streets. A 
scientific committee was appointed by the city council to cooperate with the city civil engineer 
**in devising and employing the best means of preserving, recording, and classifying the stratifi- 
cations of the new well and publishing a statement of the work when done."^ 

This committee sent a set of borings from the well to Prof. James Hall, whose report to the 
chairman of the committee is here quoted in full.' 

New York State Musexth of Natural History, 

Albany, June 21, 1880. 
Bight Rev. P. N. Lynch, Bishop of Charleston: 

1 very much regret iJiat it was not in my power to give prompt attention to the collection of specimens from the 
artesian well at Charleston which you placed in my hands, but you already know why I was not able to do so. 

I herewith hand you some memoranda regarding the collection as it came into my hands and as indicated by marks 
showing the number of feet in depth. These depths are sometimes specificaUy marked, and in other cases the speci- 
mens in the box or parcel are marked as extending over many feet. Some of the specimens of fossils can be readily 
identified, but most of them are too fragmentary to give the means of satisfactory specific determination, and I have 
indicated only their generic relations. 

The species described by Capt. Vogdes,^ with a smgle exception, do not appear in the collection in a condition to 
be satisfactorily determined. 

The higher beds are clearly of the modus Tertiary. There is nothing in the collection that indicates the presence 
>f Cretaceous strata at any point above 600 feet. The parcel marked 600 to 1,300 feet contains Cretaceous forms, and 
the specimens marked respectively 654-767 and 700-720 feet have aU the aspect of Cretaceous marl or green sand but 
are without foasils. At 900 feet there occur teeth of Ptychodus mortoni Leidy, a characteristic Cretaceous fossil. 

1 Artesian wells: The report of the scientific committee appointed by the city council on July 5, 1876, consisting of the Rev. P. N. Lynch, D. D., 
Prof. C. U. Shepard, jr., and J. F. M. Geddings, M. D., embracing a historical sketch of the several attempts, from lffi3 to the present time, to 
bore artesian weUs in this city; also an elaborate analytical investigation of the waters and the strata penetrated in the artesian wells and other 
analyses of cistern waters and of waters from many of the large fire wells of this city: Municipal report of the city of Charleston, S. C, 1881, 61 pp. 
Charleston, 18S2. 

> Idem, pp. 21-24. 

* Am. Jom-. Sd., 3d ser., vol. 16, pp. 69, 70, 1878. 
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The lowest depth of any marked specimens of fossils is 1,955 feet, and the parcel contains characteristic Cretaceous 
forms. The specimens indicated as 1,940-1,980 are of greenish clay, without foasils. 

Regarding the Tertiary as terminating at the depth of about 600 feet this will give nearly 1,400 feet (l,980^600a 
1,380) of the Cretaceous formation in vertical thickness. 

The lowest marked specimens of fossils are of characteristic Cretaceous forms and present no remarkable change 
from those several hundred feet higher in the series. From the character of these fossils we should be warranted in the 
inference that there may be a considerable thickneas of Cretaceous beds below that horizon. 

The clay indicated by the numbers 1,940-1,980 feet has the character of the lower clays of the Cretaceous forma- 
tion in some localities, but it would be imprudent to draw any positive inference without further knowledge. 
Truly yours, 

Jambs Hall, 
State Otologist and Director State Museum Natural History. 

Notes on samples of borings from different depths of the artesian well at Charleston^ S. C. 



Depths. 
65-100. 
80-100. 
350-430. 

680. 
600-1,300. 

654. 
767. 
778. 
700-720. 
900. 
090. 
345. 
350. 
349. 
369. 
403. 
472. 
520. 
538. 



1,345- 



1,400- 



1,533- 



1,558- 



1,600- 
1,610- 
1,625- 
1,650- 

1,690- 
1,692- 
1,700- 



1,730- 



553. 
570. 
575. 
580. 
588. 
560. 

558. 
600. 
610. 
620. 
650. 
675. 
690. 
705. 
700. 
725. 
710. 
728. 
750. 
745. 
765. 
790. 
831. 
835. 



Pliocene, Tertiary, Tellina, Area, etc. 

Tertiary, Venus, Tellina, shark's tooth, i^osphatic nodules. 

Tertiary, phosphatic nodules, oyster-shell breccia. [600 feet noted by Capt. Vogdes as contain- 
ing Chama. No specimens.] 

Shell marl, concretions. Nothing indicating geological position. 

Cretaceous, Exogyra foliaeeay iron pyrites nodules, soft limestone of calcareous rock with phos- 
phate. Specimens marked as above; no indication of specific depth. 

Cretaceous, marl with fragments of shells. 

Cretaceous, marl with green sand, Anomia? sp. (fragmentary). 

Cretaceous, phosphatic concretions, green sand, iron pyrites. 

Cretaceous, compact marl, oolitic and micaceous shells which are indeterminable. 

Cretaceous, Ptychodus mortoni Leidy (a characteristic Cretaceous fossil). 

Cretaceous, calcareous marl with fragments of shells. 

Cretaceous, Ostrea sp.?, Gryphata vomer. 

Cretaceous, Exogyra costata, Gryphsea vomer ^ charred wood. 

Cretaceous, marl with sand, green sand, siliceous concretions. 

Cretaceous, marl with sand, Exogyra foliacea. 

Cretaceous, concretions of sand in a greenish marl. 

Cretaceous, concretions of sand in a greenish marl with shell breccia. 

Cretaceous, argillaceous marl. 

Cretaceous, sand with shells, casts of shells, and shells of Ostrea, Exogyra, Anomia? sp., Neithea 
mortoni D*Orb. 

Cretaceous, breccia of shells and bryozoans, Ostrea, fragments of bones, Serpula, lignite. 

Cretaceous, green sand, Exogyra costata. 

Cretaceous, green sand, siliceous concretions, Ostrea. 

Cretaceous, green sand, aigillaceous. 

Cretaceous, green sand and marl, without shells. 

Cretaceous, sand, concretions, micaceous, Exogyra foliacea^ Inoceramus (fibrous portion of shell)^ 
Exogyra, fragments, Ostrea, casts of indeterminable fossils in green sand. 

Cretaceous, valve of Exogyra foliacea. 

Cretaceous, Inoceramus (fibrous portion of shell), Exogyra costata, Dentalium. 

Cretaceous, green sand with Exogyra, Teredo. 

Cretaceous, green sand with Exogyra. 

Cretaceous, green sand with Exogyra, Ostrea. 

Cretaceous, green sand with Exogyra, Gryphaea vomer, Exogyra costata. 

Cretaceous, green sand with Exogyra. 

Cretaceous, green sand with casts of fossils and fragments of Exogyra. 

Cretaceous, green sand and marl. 

Cretaceous, green sand and marl, Ostrea, Gryphsea. 

Cretaceous, green sand, siliceous. 

Cretaceous, green sand, siliceous. 

Cretaceous, green sand, Exogyra. 

Cretaceous, green sand, siliceous. 

Cretaceous, green sand, siliceous, fragments of Exogyra, Ostrea, upper valve of Exogyra costata. 

Cretaceous, green sand. 

Cretaceous, Exogyra costata. 

Cretaceous, fragments of bones and Exogyra, two forms of Bryozoa, undetermined siliceoufl aggre- 
gations. 
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Depths. 

1,845. Cretaceous, Exogyra, shell, breccia. 

1,840. Cretaceous, Exogyra, Ostrea, young of Grypkasa convexa. 

1,840. Cretaceous, echinoderm (Bucleolites?). 

1,850. Cretaceous, fragments of bone, siliceous pebble. 
1,835-1,840. Cretaceous, Exogyra, Gryphsea, sand, pyrite, Dentalium, bones, shark's teeth of the genera 

Ptychodus and Lamna, echinoderms, NucUoletes (Catophygiu) lyncku Vogdes. 
1,844-1,845. Cretaceous, shells of Gryphsea vomerf^ Exogyra costata. 

1,840-1,845. Cretaceous, sandstone with fragments of sheUs, shell breccia, Exogyra costata (young), Gryphtsa 

pitchen. 

1,845. Ssmd pump, Cretaceous, Gryphasa pitcherif Gryphxa vomers sand concretions. 
1,835-1,840. Cretaceous, concretions of coarse sand, shells, Ostrea, (rrypAa?a«A«pAar(/i, Exogyra. 

1,840. Cretaceous, shark's teeth. 
1,840-1,940. Cretaceous, fish bone, Inoceramus sp.? 
1,900(?). Cretaceous, sand, Ostrea. 
1,900(7). Cretaceous, shark's tooth, pebble, sand. 

1,932. Cretaceous, green sand, casts of fossils, pebbles, lignite, iron pyrite, Gryphsea. 

1,930. Cretaceous, clay. 

1,930. Cretaceous, micaceous sandstone. 

1,900. Cretaceous, sandstone, iron pyrite, green sand, fine laminated clay. 

1,900. Cretaceous, Inoceramus, wood. 

1,900. Cretaceous, exterior shell of Inoceramus. 

1,900. Cretaceous, Teredo. 

1,923. Cretaceous, green sand, casts of Gastropoda, Inoceramus, Ostrea. 

1,940. Cretaceous, phosphatic nodule with iron pyrite, sand aggregation with mica. 

1,943. Cretaceous, lignite, red hematite. 

1,950. Cretaceous, wood opal, iron pyrite. 
1,949-1,980. Cretaceous, clay. 

1,955. Cretaceous, 'lignite, iron pyrite. 

1,955. Cretaceous, shell breccia, Nucula, Turritella. 

1,955. Cretaceous, shell breccia, siliceous, Ostrea. 

1,955. Cretaceous, oyster perforated by sponge, green sand, iron pyrites, Inoceramus. 

According to Prof. Hall's interpretation the Cretaceous was reached in this well at a depth 
of 600 feet; although no characteristic Cretaceous fossils are recorded from a definitely deter- 
mined depth less than 900 feet. Prof. Hall's report contains two proposed specific names of 
fossils, namely, Exogyra foliacea and Gryphsea ahephardi, which were not subsequently described 
and which are therefore invahd. 

The present writer has not been able to learn what disposition was made of the fossils 
froni this old well. 

COBRELATION OF THE STBATA PBMETBATBD. 
STBATA OF PLEISTOCENE AND PLIOCENE AGE. 

The fossil moUusks in samples Nos. 1 to 4 were submitted to Dr. Paul Bartsch, of the United 
States National Museum, who regards those obtained from samples 1 to 3, representing depths 
from 40 to 75 feet, as of probable Pleistocene age and those from sample 4, depth 82-83 feet, as 
certainly of Pliocene age. 

STRATA OF UPPERMOST EOCENE OR OLIOOCENE AGE. 

Samples 5 to 8, representing depths from 86 to 220 feet, contain a rich foraminiferal fauna, 
the species of which have been identified by Joseph A. Cushman. The names of the species and 
their distribution in the well are given in the table on pages 79-80 and the fauna is discussed in 
the quotation that follows the table. The lithology of the samples shows that they belong to the 
Cooper marl, which outcrops in the vicinity of Charleston and which is referable to either the 
uppermost Eocene or the Oligocene. R. S. Bassler states that he has recognized ostracodes in 
the Cooper marl which appear to indicate that it is of Vicksburg age. On the other hand, the 
formation has yielded mollusks and the vertebrate genus Basilosaunis, which Vaughan and 
others have regarded as indicating its Jackson age. 
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STRATA OF EOCENE AGE. 

A part of the samples numbered from 9 to 24, representing depths ranging from 262 to 447 
feet, were obtained as concentrates from the overflow. These consist largely of fragments of 
limestone, fragments of shells, echinoid spines, and Bryozoa. Samples 9, 11, and 13, depths 
262 to 350 feet, were derived from layers of rather soft limestone or marl, but they yielded no 
determinable fossils. Samples 17, 20, 22, 23, and 24, depths 363 to 447 feet, are made up chiefly 
of fragments of hard gray sandy limestone containing numerous indeterminable fragments of 
mollusks and a few fragments of echinoids and Bryozoa. These samples appear to be essentially 
aUke lithologically and probably represent one geologic formation. From samples 22 to 24, 
depths 435 to 447 feet, R. S. Bassler has identified the species of Bryozoa listed on page 81. 
He reports that the fauna is closely related to the bryozoan fauna in the Castle Hayne 
limestone,* of Jackson (Eocene) age, exposed near Wilmington, N. C, and to a similar fauna in 
the Mount Hope marl of Sloan,' exposed near Eutawville (Eutaw Springs), 70 miles north of 
Charleston, S. C. 

Vaughan,' because of the presence of Ostrea sdlseformis Conrad, has correlated the Mount 
Hope marl of Sloan with the Claiborne group, but evidence afforded by the Bryozoa indicates 
that it may be of Jackson age. 

Although the stratigraphic and age relations of the upper Eocene and OHgocene deposits 
of this area have not been definitely determined, the fact that normally the strata dip coastward 
and the evidence afforded by the fossil bryozoans seem to support the view that the limestones 
and marls penetrated in the Charleston well between depths of 262 and 447 feet represent 
the buried coastward extension of the Mount IJope marl of Sloan. However, the evidence 
cited on page 85, which appears to indicate the Jackson age of the Cooper marl, necessitates 
questioning the correlations here suggested. 

Sample 25, depth 454 feet, contains ostracodes belonging to the genus Cytheridea and closely 
related to the species C. perarcuata, which occurs in the Eocene of Maryland in both the Aquia 
and Nanjemoy formations. 

STRATA OF EOCENE OB UPPEB CRETACEOUS AGE. 

Samples 26 to 42, representing depths between 478 and 742 feet, yielded no fossils of suffi- 
cient diagnostic value to permit the determination of the age of the beds. A few specimens of 
Ostracoda and Foraminifera were obtained, but it was not certain that they belonged in place 
at the levels from which they were taken; indeed, it seemed highly probable that they fell from 
higher levels. Lithologically, the samples present no features of value for correlation. The 
upper part of the thickness represented (264 feet) is probably Eocene and the lower part Cre- 
taceous, but without more exact data the point of contact can not be determined. The samples 
obtained as concentrates consist chiefly of gray shaly, finely arenaceous, micaceous, cal- 
careous clay containing more or less loose sand. One sample (No. 29, depth 504 feet) is a highly 
glauconitic loose sand. The samples obtained as mud from the bit consist of gray calcareous, 
more or less sandy clays. The lithology of these samples indicates that they may belong to either 
the Eocene or Cretaceous. The basal beds of the Eocene that outcrop in the Coastal Plain of 
South Carolina along the borders of the Cretaceous areas north and northwest of Charleston 
consist in part of dark shaly clays, the buried extension of which some of these samples might 
well represent. The glauconitic sand (sample 29, depth 504 feet) may perhaps represent the 
glauconite-bearing Warley Hill marl of Sloan (part of Claiborne group). Many of the samples 
below the glauconitic layer are not essentially different from those above it. 

STRATA OF UPPER CRETACEOUS AGE. 

The first definite paleontologic evidence of strata of Cretaceous age was afforded by species 
of Foraminifera found in sample 43, depth 750 feet. Dr. Cushman has discussed this evidence 
in the quotation given on page 81. From this depth to a depth of 920 feet the samples indicate 

1 Miller, B. L., The Coastal Plain of North Carolioa; the Tertiary formations: North Carolina Geol. and Econ. Survey, vol. 3, pp. 185-197, 1912. 
> Sloan, Earle, Catalo^e of the mineral localities of South Carolina: South Carolina Qeol. Survey Bull. 2, ser. 4, p. 462, 1908. 
» Vaughan, T. W., in Willis, Bailey, Index to the stratigraphy of North America: U. B. Geol. Survey Prof. Paper 71, p. 737, 1912. 
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that the drill encountered sands and clays^ more or less calcareous and glauconitic, containing 
small black phosphatic pebbles. Some hard layers were penetrated, as is shown by fragments 
of sandstone in the samples. 

The first identifiable mollusk of undoubted Cretaceous age, Anomia argentaria Morton, was 
found in sample 50, taken at a depth of 920 feet. The strata penetrated from 920 feet to the 
bottom of the well, as represented by the samples, are typical marine Upper Cretaceous materials, 
consisting of marls, more or less calcareous and glauconitic, sands, and shaly clays, with 
indurated layers at intervals. These samples yielded the identifiable fossils listed on preceding 
pages. 

The writer has heretofore attempted * to explain the lithologic variations and age relations 
of the Cretaceous deposits of the eastern Gulf region and to correlate them with the Cretaceous 
deposits of the North At- 
lantic region. Figure 11, carounas 
which indicates the terms 
employed in that report to 
designate the paleontologic 
zones recognized and the re- 
lations of these zones to for- 
mation units, is introduced 
in order that the Charleston 
well section may be com- 
pared with the Chattahoo- 
chee and Carolina sections. 
In figure 12 the correlation 
of the Cretaceous portion of 
the Charleston well sections, 
in terms of the f aunal zones 
recognized in these regions, 
is indicated diagrammati- 
cally. 

The following fossils 
were identified specifically 
in samples taken between 
depths of 920 and 1,550 feet: 

Mollusca: Ostrea larva 
Lamarck, Ostrea plumosa 
Morton, Peden venustus 
Morton, Lima reticulata 
Forbes ?, and BelemniteUa 
araericarva (Morton) ?. 

Vertebra ta: Corax fal- 
caiua Agassiz (a ^hark). 

Of the fossils listed, Ostrea plumosa Morton and Lirna reticulata Forbes range through 
both the zone of Exogyra costata and the zone of Exogyra ponderosa, and Ostrea plumosa Morton 
has been questionably identified from the basal beds of the Eutaw formation; Ostrea larva 
Lamarck ranges from the zone of Exogyra costata downward into the upper part of the zone of 
Exogyra ponderosa. Corax fcHcatus Agassiz is a wide-ranging species in the Upper Cretaceous. 
In known sections Pecten venustus Morton and BelemniteUa americana (Morton) are restricted 
to the zone of Exogyra costatay and upon the evidence of these fossils this portion of the section 
is correlated with that zone. Heretofore the species Pecten venustus Morton has not been 
found below the horizon of BelemniteUa americana (Morton). As it was found here 300 feet 
below the level at which the fragment of BelemniteUa was obtained, it is considered probable 
that it fell to that position from some higher level. In terms of the fonnation units recog- 
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Figure 11.— Diagram indicating the terms used to designate paleontologic xones and the relation of 
these cones to fonnation units in the Chattahoochee region and the Carolinas. Horizontal 
dashed lines indicate age equivalencies within the Upper Cretaceous. Not drawn to scale, 
and relative thicknesses of formations not indicated accurately. The Ripley formation of the 
Chattahoochee region is approximately the time equivalent of the Sebna chalk of western Ala- 
bama and east-central Mississippi and of the combined Ripley formatian, Selma chalk, and 
upper part of the Eutaw formation of northern Mississippi. 



1 Stephenson, L. W., Cretaceous deposits of the eastern Oulf region and species of Exogyra from the eastern Oulf region and the Carolinas: U. S. 
Geol. Sunwjy Prof. Paper 81, 1914. 
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nized in the Upper Cretaceous deposits of the Carolinas this portion of the section (depth 920- 
1,550 feet) is correlated with the Peedee sand. 

Between the depths of 1,725 and 1,862 feet the following fossils were identified specifically: 
Vermes: Hamulus onyx Morton, 

MoUusca: Ostrea cretacea Morton, Exogyra ponderosa Roemer?, and Pecten quinqvscostcUus 
(Sowerby). 

Vertebra ta: Coraz ftdcatus Agassiz (a shark). 

Of these fossils, Hamulus onyx Morton and Pecten quinquecostatus (Sowerby) range through- 
out both the zone of Exogyra ponderosa and the zone of Exogyra costata but are not found in the 

basal beds of the Eutawformation; Ostrea 

cretacea Morton ranges from the basal 

beds of the Eutaw formation upward 

Uppermost Eocene or into the lower half of the zone of Exogyra 

oiigocene (Cooper marl) ponderosa; Corax folcotus Ag^ssiz has a 

wide vertical range in the Upper Cre- 
Eocene (Mt. Hope mari of sioui ?) taceous; and Exogyra ponderosa Roemer 

is restricted to the zone that bears its 
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name. On the evidence afforded by the 
range of these fossils this part of the 
section is correlated with the zone of 
Exogyra ponderosa of the Chattahoochee 
and Carolina regions. 

The best specimens obtained from 
the Cretaceous strata penetrated by the 
boring were those brought to the surface 
by the natural flow of water from depths 
between 1,974 and 2,007 feet. The fos- 
sils identified specifically from this hor- 
izon are the following: 

MoUusca: Ostrea sp. nov. a (four 
fairly good specimens and other frag- 
ments), Ostrea sp. nov. 6, Ostrea creta/^ea 
Morton, Exogyra upaioiensis Stephen- 
son^ (three fairly good specimens and sev- 
eral fragments) , Anomia sp. nov. (same as 
sp. nov. from Snow Hill, N. C). 

Of the species listed, Ostrea sp. nov. 
a and h are new to science, and their 
value in correlation has not been deter- 
mined. Ostrea cretoA^ea Morton ranges 
upward into the lower half of tlie 
zone of Exogyra ponderosa; Exogyra 
upaioiensis Stephenson has been found 
heretofore onlv in the basal beds of 

Yvsvnz 12.— Diafcram showing correlation of Cretaceous portion of the Charleston i xn / • ' -l /ti 

wdi Mctlrjn in terms of the faimal tones recognized fai the Cretaoeods deposits the £utaW formation m the Cliatta- 

of the «.tOT fiulf region. All measurements were made from the top of the hoochec region: Anomia SD. nOV. (samc 

r'/ury jawK, which was 6 feet above the surface of the groimd. • m n tti-i 

as a new species from Snow Hiu, N. C.) 
range's upward into the zone of Exogyra ponderosa. The particular localities at wliich Exogyra 
u/MiU/UuMis SU'plionson have been foimd are the following: Broken Arrow Bend, Chattahoochee 
ItiviT 10 J niil(»s below Columbus, Ga.; Chattahoochee River, one-half mile below Broken Arrow 
I V'lid ; anil a bluff on Upatoi Creek 7 milessoutheast of Columbus, Ga., below the Cusseta road bridge. 
()ti tin; I'vidcnc'o of Exogyra upaioiensis Stephenson this horizon is correlated with the basal 
b<*d- of the Kutttw formation in the Chattahoochee region. Exposures of these beds occur in 

1 I h\\ •ixfi'M W5IH 'Jf'vrllKHl by the writer in U. S. Geol. Survey Prof. Paper 81, p. 46, pi. 13, figs. 1-4, 1914. 
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bluffs on Upatoi Creek, which forms the boundary between Muscogee and* Chattahoochee 
counties, Ga., and on Chattahoochee River from a place a short distance below the mouth of 
Upatoi Creek, 9 miles below Columbus, Ga., nearly to the mouth of Euchee Creek^about 16 miles 
below Columbus. 

In terms of the formation imits recognized in the Carolinas, that portion of the section 
between a depth of 1,550 feet and the bottom of the well represents a part — perhaps the greater 
part — of the Black Creek formation. ^ 

ORIGIN AND GEOIiOGIG HISTORY OF THE WATER. 

The strata xmderlying the Atlantic Coastal Plain in the Carohnas consist of a series of 
saxxds^ clays, and marls, lai^ely unconsolidated, and subordinately of impure limestones. These 
rest; "lonconformabiy upon a basement complex of ancient crystalline rocks of pre-Cambrian age 
aixcl locally upon Triassic sedimentary strata which occupy depressions in the crystalline rocks. 
Ttiosc older rocks outcrop in the Piedmont Plateau, along the eastern border of which their 
upper eroded surface dips slightly southeastward and passes beneath the deposits of the 
Cockstal Plain, becoming deeper toward the coast. 

At Fort Caswell, N. C, which is on the coast at the mouth of Cape Fear River, the crystal- 
lino basement rocks lie about 1,535 feet below sea level, as is shown by a well boring. At 
Ch.a.rleston they lie more than 2,000 feet below sea level, for the deep wells there have failed to 
reach the basement. 

The formations above the basement rocks in South Carolina in the longitude of Charleston 
©iJ^brace deposits comprising in ascending order Lower Cretaceous, Upper Cretaceous, EJocene, 
Oligocene ( ?) , Pliocene, and Pleistocene. The strata composing the formations dip coastward 
^►t the rate of 40 feet or less to the mile. The yoimger formations in general lie flatter than 
^© older, the yoimgest, the Pleistocene terrace deposits, having an inclination of less than 5 
feet to the mile. 

I^he materials composing the sands, clays, and marls of the formations of the Coastal Plain 
w-ere derived primarily from the predominantly f eldspathic rocks of the Piedmont Plateau, with 
t^e eixception of the matter, chiefly calcium carbonate, that was extracted by organisms or 
ciierrxically precipitated from the sea water in which the deposits were for the most part laid 
do^wxi. The more easily soluble minerals of the crystalline rocks of the Piedmont were in 
pB.rt leached out and carried to the sea in solution by the streams, but some of the feld- 
sp^tlaic matter was transported coastward as detrital material in different stages of decay 
^^^ l^ecame incorporated in varying proportions in the formations of the Coastal Plain. The 
^^pa-oity of the different strata of the Coastal Plain for admitting water and their efficiency as 
^l^a.xxneb for circulation differ greatly. Some of the beds are compact and almost impervious 
™ '^v'ater; some are porous and where the structural conditions are favorable permit the free 
<^irc\xlation of water. 

The undergroimd waters in the deposits of the Coastal Plain have been derived from several 
^vtr-oes, including water entering from the adjacent Piedmont Plateau, rainfall on the Coastal 
"laxn^ and originally included sea water. 

"The greater part of the run-off from the Piedmont Plateau flows to the oceaji in streams 
'^h^ioli^ though they cross the Coastal Plain, probably do not contribute materially to the imder- 
^o\axi<i supply. The mass of underground water in the deeply weathered surficial rocks of 
r^^ I^iedmont, however, tends by gravity to drift coastward, some of it doubtless passing into 
zf^^ deposits of the Coastal Plain. Of the land-derived imdei^oimd water rainfall on the 
^®*aJ Plain itself is doubtleas the chief original soiu^ce of supply. Water from either source 
^es into contact with f eldspathic minerals, either in the rocks of the Piedmont Plateau itself 



p. ^^ the formations of the Coastal Plain which were derived from the crystalline rocks of the 
^^^Uxont Plateau, and from these minerals have been derived the characters which distinguish 

^ ^^^derground waters of the area. 
jj^ ^ "XTie more deeply buried beds also contain water composed of a mixture of originally 
}^^ ^^cled sea water and subsequently included alkaline land water, both of which may properly 
^j- ^l^^ssed as fossil waters. The character of the fossil waters in the vicinity of Charleston is 
^"^^^^sed by Chase Palmer on pages 90-94 of this paper. 
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The strata penetrated in the Charleston wells are all of marine origin, and probably the 
greater part of the Cretaceous deposits and the lower part of the Eocene deposits have never 
been above sea level since their formation, so that no opportunity has been afforded for draining 
these ancient waters from them. During subsequent geologic time land-derived waters have 
moved downward along the gently dipping strata and have become mixed with the originally 
included sea waters in varying proportions in the different beds and at different places. The 
composition of the waters has been further changed by the solution of mineral matter from the 
deposits in which the waters have stood and by the precipitation of mineral matter from solution. 

The conditions and principles governing the origin, storage, and circulation of imderground 

waters in North Carolina, which are equally applicable in South Carolina, have been discussed 

by Stephenson and Johnson.* 

r£sum£. 

1. The first 75 feet of strata penetrated in the Charleston well is probably of Pleistocene age- 

2. Characteristic Pliocene fossils were found in a sample taken at a depth of 82-83 feet. 

3. Sands and clays bearing Foraminifera, which have been studied by Joseph A. Cushman, 
were penetrated at depths of 86 to 220 feet. On the grounds of Uthologic similarity these sam- 
ples are referred to the Cooper marl. 

4. Strata of Eocene age (the Mount Hope marl ( ?) of Sloan) were penetrated from depths 
of 262 to 454 feet. 

5. The strata between depths of 454 and 750 feet yielded no determinable fossils. Their 
age is Upper Cretaceous or Eocene. 

6. From a depth of 750 feet to the bottom of the well only strata of Upper Cretaceous age 
were encountered. 

7. At a depth of 750 feet Foraminifera were foimd which are regarded by Dr. Cushman as 
characteristic Cretaceous species. 

8. Between depths of 920 and 1,550 feet fossils characteristic of the zone of Exogyra costaia 
of the eastern Gulf region and the Carolinas were obtained. 

9. Between depths of 1,725 and 1,862 feet fossils characteristic of the zone of Exogyra 
ponderosa of the eastern Gulf region and the Carolinas were obtained. 

10. Between depths of 1,974 and 2,007 feet fossils characteristic of the fauna of the basal 
beds of the Eutaw formation in the Chattahoochee region were brought to the smiace by the 
natural flow of water inmiediately after the well was completed. 

11. In view of the fact that at the lower limits of this boring, which reached a depth of 
nearly 2,000 feet below sea level, no Lower Cretaceous beds had been reached, it is interesting 
to note that at Wilmington, N. C., and at the mouth of Cape Fear River, N. C, borings which 
reached basement crystaUine rocks at 1,100 feet and approximately 1,535 feet, respectively, 
below sea level, failed to encounter strata older than Upper Cretaceous. 

MINERALOGY OF WATERS FROM ARTESIAN WEL.L.8 AT CHARLESTON, S. C. 

By Chase Palmer. 
PBIMABY ALKALINE FOSSIL WATERS. 

The writer made a complete analysis of the water from the new well at the power plant of 
the Charleston ConsoUdated Railway & Lighting Co. at the foot of Charlotte Street and a parallel 
analysis of the water from the old artesian well at the corner of Meeting and Wentworth 
streets, Charleston, with two objects in view — ^first, to compare the quaUty of the water of the 
old well (1,260 feet deep) with that of the new well (2,007 feet deep), and, second, to determine 
what changes, if any, might have taken place in the quaUty of the water of the old well since 
1868, the date of its first recorded analysis. It may be stated here that no material change is 
shown either in the chemical character of the solution or in its concentration 44 years after it 
was analyzed by Charles U. Shepard, who, in 1882, pubUshed many analyses of waters of wells 

» Stephenson, L. W., and Johnson, B. L., Water resources of the Coastal Plain of North Carolina: North Carolina Geol. and Boon. Survey 
vol. 3, pt. 2, pp. 342-348, 1912. 
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in and near Charleston.* The mineralogy of these artesian waters is here briefly outlined and is 
compared with that of one other well water underneath Charleston and with that of the water 
of surface streams of the Piedmont Plateau. 

On Citadel Green, in Charleston, in 1876, a well was simk to a depth of 1,980 feet, and a 
fairly complete analysis of the water coming from that depth was then made by S. T. Robin- 
son, jr. The Citadel Green well evidently reached the same undei^ound water that suppUes 
the new 2,007-foot well of the Consohdated Railway & Lighting Co., for the waters of the two 
wells exhibit a close resemblance in mineralization. This resemblance is not confined to the 
degree of concentration of mineral substances but extends to the chemical quahties of the two 
solutions, for the reaction properties of the water of the 2,007-foot well are proportionally the 
same as those of the water of the 1,980-foot well, which was analyzed 35 years ago. 

The waters at the 1,260-foot level and at the 1,980-foot level imder Charleston differ 
markedly in the proportions of their reaction properties. This fact, taken in connection with 
the fact that the character of each solution remains practically unchanged after an interval of 
several decades, leads directly to the conclusion that these two artesian waters are from inde- 
pendent watercourses. On the other hand, they have in common certain peculiarities wliich 
might be expected if the natural conditions governing their original sources and their present 
environment were recognized. 

By reason of its higher position and the impervious xmderl3^g granite the Piedmont 
Plateau is naturally one source of the water contained in the sands that are buried under mate- 
rial derived from the upland. It is therefore desirable to know, first, the quality of surface 
waters now flowing in the Piedmont area and of the surficial waters of the upper Coastal Plain 
before they enter the ground water of the Coastal Plain, and, second, the quality of the imder- 
ground waters near the coast, as indicated by the waters of three artesian wells \mder the city of 
diarleston, S. C. In order to show the character of the surface waters the waters of Peedee and 
Wateree rivers are chosen, because they typify the river waters of the Piedmont Plateau and 
upper Coastal Plain of the southern Atlantic coast. The qualities of the series of surface waters 
from the James in Virginia to the Ocmulgee in Georgia are tabulated in a recent publication of 
the United States Geological Survey.* 

The analysis of an artesian water coming from a depth of 425 feet, to be used in a compara- 
tive study of the waters from the two lower levels, is obtained from the records of the municipal 
report of Charleston on artesian wells, already cited. 

INTEBPRETATION OF ANALYSES. 

As the interpretation of water analyses adopted in this report is new, its novelty warrants 
a preliminary statement of the principle on which it is based and justifies definitions of the 
terms used in its appUcation. This chemical interpretation is based, not on the amounts of 
the constituents found by the analyst, but on their reaction capacities, and thus is opened a 
way leading directly to a consistent nomenclature of water qu^ties and a consistent classifi- 
cation of waters, as has been shown by the writer elsewhere." 

In recent years the geologist has relied on the statement of the results of a water analysis 
for information concerning the quality of the water analyzed. A mere statement of the amounts 
of radicles, which are only parts of substances dissolved in a water, has no chemical significance, 
for it tells nothing of the qualities of the solution, the characterization of which is the chief 
object of the analysis. 

Fortunately the chemist is able to measure quantitatively four qualities of the water 
solution without resort to a complete analysis. The qualities capable of direct measurement 
are acidity, permanent hardness, temporary hardness (temporary alkalinity), and permanent 
alkalinity. A fifth quality of water, namely, saltness, caused by strong acid salts of the alkaUes, 
can not be so easily determined. This quaUty may be found, however, by balancing the reacting 

1 Mnnidpal report of the city of Charleston. 8. C, for 1881. 

> Palmer, Chase, The geochemical interpretation of water analyses: U. S. Oeol. Survey Bull. 479, Table 2, opp. p. 16, 1911. 

> Palmer, Chase, op. cit. 
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values of the positive and negative radicles found by analysis after deducting the reacting values 
of all the radicles that go to make up the other qualities directly measurable in the water solution. 
By proportionating this quality with the other quaUties found in a water a rational statement 
of the chemical character of the water solution may be obtained. 

FOBJnrLA OF THB SOLTJTION. 

The reaction capacities of the radicles of the salts dissolved in water are the quotients 
obtained by dividing the weight of each radicle by its corresponding equivalent combining 
weight. The quotients thus obtained have been called the ''reacting values'' * of the radicles. 

Owing to the differences in the concentration of waters the application of the reacting 
values to the character of water is necessarily restricted to the water under examination. If, 
however, the reacting values are expressed in percentages of their sum they may be used in 
the comparative study of different waters. This expression of the reacting values of the 
radicles in percentages is called .the formula for the mixture of salts dissolved in a water, and 
on this formula rests the comparative study of waters in this report. 

PROPBBTIES OF NATT7BAL WATERS. 

Nearly all natural waters have two general properties — salinity and alkalinity — on whose 
relative proportions their fundamental characters depend. All the radicles of the alkaUes and 
alkaline earths tend to form alkaline solutions, but only the strong acid radicles (sulphate, 
chloride, nitrate) can overcome this tendency and render an alkaline solution neutral or saline. 
The sum of the reacting values of the strong acid radicles is therefore a measure of the salinity 
(saltness) of a natural water which is a solution of salts of strong and weak acids. The sum 
of the reacting values of the metallic radicles in excess of the values of the strong acids is a 
measure of the alkaUnity of a water. 

In the qualities of waters included in this report only two kinds of salinity and two kinds 
of alkalinity will be considered. In accordance with the prevalence of the reacting values of 
the alkali group (sodium, potassium) and the alkaline earths group (calcium, magnesium) 
four special properties are possible, namely: 

1. Primary salinity (alkali salinity) — that is, saltness such as would be caused by sulphates 
and chlorides of the alkalies. 

2. Secondary salinity (permanent hardness) — that is, saltness such as would be caused by 
sulphates and chlorides of calcium and magnesium. 

3. Primary alkalinity (permanent alkalinity) — that is, alkalinity such as would be caused 
by hydroxides, carbonates, and bicarbonates of the alkalies. 

,4. Secondary alkalinity (temporary hardness) — that is, alkaUnity such as would be caused 
by weak acid salts of calcium and magnesium. 

Secondary salinity and primary alkalinity are incompatible, so that both of these qualities 
are not found in the same water. The waters considered in this report are represented by 
three qualities; for instance, an assemblage of 1, 3, 4, or an assemblage of 1, 2, 4, exemplified 
by ocean water. 

COMPARISON OF WATERS. 

The analyses of the waters of Peedee and Wateree rivers (columns 1 and 2 in the accom- 
panying table, p. 93) show that they are very dilute solutions having practically the same 
concentration. Moreover, these two waters are ahnost identical in composition, as may be 
seen by comparing the amounts of the radicles in colunm 1 with the amounts of the radicles in 
column 2. This close similarity in composition of two surface waters in different river basins 
at points 70 miles apart cross-country is noteworthy and is in marked contrast with the evident 
difference in composition of the three underground waters (columns 3, 4, 5) at Charleston, at 
levels separated by vertical distances of only a few hundred feet. 

1 stabler, Uerman, The mineral analysis of water for Industrial purposes and its interpretation by the engineer: £ng. News, vol. 80, p. 356, 
1908; also, chapter on industrial application of water analyses in U. S. Geo!. Survey Water-Supply Paper 274, pp. 161-181,1911. 



A DEEP WELL AT CHABLESTON, S. C. 



93 



Table 1. — Analyses and formulas of surface and artesian waters and of ocean water. 
[Analyses In parts pv million; farmuUs in percentages of reacting values.) 



Constltnent. 



Nhnn(Na) 

PotM8him(K) 

g4cium(Ca) 

Jwgneslum (Mg) 

£00 (aluminum) (Fe) (Al). 

S>lpi»ate(804) 

^orkieca) 

Bromide (Br) 

^tiAte(NOt) 

jwtsarbonate (HCO,) 

Sfbonate (C0|) 

«iife»(SioJ)..... 

^taisoUds 



River waters of Piedmont 
Plateau. 



Analyses. 



7.4 
1.8 
6L1 
1.9 
.6 
4 
2.1 



40 



28 



.7 



72.2 



7.2 
1.6 
6.7 
2.3 
.1 
4.2 
2.2 



39 



27 



.4 



69.8 



Formulas. 



la 



19.3 
2.8 

18 
8.7 
1.2 
5.2 
3.8 



.6 
40.4 




100 



2a 



19.1 
2.5 

17.2 

11 

.1 
5.5 
4 



.4 

40.1 




100 



Artesian waters at Charleston, S. C. 



Analyses. 



1,154 

146 

21 

31 



271 
1,483 



303 
40 



3,449 



1,014 

41 

14 
8.3 
Tr. 
Tr. 
944 
Tr. 



1,115 
41 
36 



2,655 



421 

4.4 

3 
.4 

1.0 

7.2 
92 

Tr. 



872 
54 
32 



1,051 



Formulas. 



3a 



8.8 



100 



4a 



43.6 


47.4 


3.3 


1.1 


.8 


.8 


2.3 


.7 


4.8 





36.4 


27.1 




Tr. 



19.8 
3.1 



100 



5a 



49.1 
.3 
.4 
.1 
.1 
.5 
6.7 
Tr. 



38.1 
4.7 



100 



Ocean 

water 

(for- 

mula). 



6 



38.6 

.8 

1.8 

8.9 



4.6 

45.2 

.1 



.1 



100 



o Condition in solution unknown. COs estimated in residue. 

1. Peedee River at Peedee, N. C. Average of 10 analyses made at U. 8. Qeological Survey in 1908. 

2. WaUree River at Camden, 8. C. Average of 15 analyses made at U. 8. Geological Survey in 1908. 

3. Art«8ian well at Chisholm% mill. Charleston, 8. C. Depth, 425 feet. Analyzed in 1879 by William Robertson. 

*' Old artesian well at comer Meetmg and Wentworth streets, Charleston, 8. C.: 1,260 feet deep. Analyzed in 1912 by Chase Palmer. 
In lA* ^ew artesian well at Charleston Consolidated Railway & Lighting Co. 's station^ Charleston, 8. C; 2,007 feet deep. Bunk in 1911. Analyzed 

}^J^y C**«*® Palmer. 

. ^- Ocean water. Values obtained from average results of 77 analyses of sea water given in Challenger report. The average concentration of sea 
»»wr is 35,000 parts per miUion. 

Table 2. — Reaction properties of Piedmont surface waters^ of waters of artesian welU^ and of ocean water. 

6 



8*^»irt2r Alkalinity... 
^^»ary alkalinity 



Prjin^**^ aaltnlty 



1 


2 


3 


4 


5 


19 


20 


82 


57 


14 

















25 


23 


12 


40 


85 


56 


57 


6 


3 


1 


100 


100 


100 


100 


100 



78.6 
21.1 

.3 



100.0 



Aside from such observations as these there is Uttle to be gained by considering the amounts 
of the constituents found in a water, but in the formulas derived from the reacting values of 
the constituents the relative reaction capacities of aU the constituents can be seen at a glance. 
For instance, the relative reaction capacity of the alkaUes and alkaline earths in surface waters 
flowmg in areas of crystalline rocks is illustrated in column la. The sum of the reacting values 
of the alkalies (Na, K) is 22.1 and the sum of the reacting values of the alkaline earths (Ca, Mg) 
is 26.7. Thus the aggr^ate values of the alkaline earths exceed the aggregate values of the 
alkalies by 4.6 per cent, although the alkaline earths weigh less than the alkalies (column 1). 
Again, the combined weights of the sulphates and chlorides (column 1) is exactly equal to the 
weight of calcium (6.1), yet their capacity of neutralizing calcium is notably deficient because 
the sum of the reacting values of chlorides and sulphates (column la) is 9 and the reacting 
value of calcium is 18. 

In general, calcium and magnesium are potent factors of quality in surface streams, and 
their importance in this respect is due largely to their relatively high reaction capacities, which 
must be considered if the full chemical value of these two constituents is to be appreciated. 
Unfortunately, writers on the geochemistry of waters have fixed their attention on the absolute 
weights of the dissolved constituents, so that they have failed to observe important facts concern- 
ing the chemical character of waters, especially facts relating to geology. Too much stress can 
not be laid on the consideration of the reaction capacity of every constituent that contributes 
to the quality or character of the water solution, for it is by their measurable quahties that 
solutions as well as other homogeneous substances are characterized. It is surprising that, 
in their attempts to characterize and classify waters, hydrologists have failed to apply this 
basic principle of chemical science. 
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The summaries of reaction properties of the three artesian waters (Table 2) show remark- 
able regularity in the variations in the proportions of all their properties. They are all pri- 
mary alkaline solutions and hence are referable to a common origin, namely, the Piedmont 
Plateau, whose surface streams are uniformly characterized by primary alkalinity. Again, the 
progressive decline in the proportion of salinity (from 82 per cent to 14 per cent) among the 
properties of these waters in connection with constantly increased dilution of the solutions sug- 
gests at once that at increasing distances from the surface these waters are less and less affected 
by stiU stronger saline solutions found in the Coastal Plain. 

The formulas of these three artesian waters (Table 1) present a picture showing in 
detail the differences in the relative values of all the constituents. The preponderance of 
sodium in these underground waters as compared with its value in the Piedmont Plateau siuf ace 
waters is noteworthy. The low values of calcium and magnesium are no less striking than the 
changes that appear in their relative prominence. In the water of the 425-foot well magne- 
sium exceeds calcium. This relation is not known to exist in any of the surface waters of the 
Piedmont Plateau from Virginia to Georgia or in the Coastal Plain river waters entering the 
eastern Gulf of Mexico. In all these river waters calcium exceeds magnesium by a wide margin.* 

The excess of magnesium over calcium in the water of the 425-foot well, taken in connec- 
tion with the high proportional values of chlorides and sulphates, points directly to the presence 
of ocean water (column 6), in which the relations of all these constituents are similar. Although 
magnesium does not prevail over calcium in the waters at the two lower levels, nevertheless 
in the waters of the 1,260-foot and 2,007-foot wells traces of bromides have been found. 
Additional evidence is thus presented that water of marine origin has been retained in minimal 
amounts even by these deep-seated landward waters. The beds in which these waters occur 
were deposited in sea water, and doubtless sea water was entrapped in the rocks. In consider- 
ation of the restricted circulation underground it does not seem unreasonable to conclude that 
even at 1,260-foot and 2,007-foot levels mixtures of fossil primary alkaline waters with fossil 
sea water — that is, water of the secondary saline type — may be found. 

The water of the 2,007-foot well as it emei^es at the surface contains a slimy precipitate 
the composition of which is shown in the following analysis: 

Analysis of slime from vxUer of a well ty007 feet deep at Charleston, S, C. 

[Analysis reported Sept. 3, 1912.] 

SiOa 65. 79 

AlaO, 23. 80 

FejOa 4. 50 

FeO 1. 41 

CaO 2. 43 

MgO 1.87 

KaO 2. 45 

NajO 1. 18 

MnO 02 

HjO 6, 50 

99.95 

Slimes of this kind are said to be present in the waters of newly drilled deep wells in tliis 
vicinity. After the waters have flowed for longer or shorter periods they gradually clarify. 

The consideration of fossil waters has hitherto been restricted to solutions of the secondary 
saUne type. A brine obtained from a well more than 5,000 feet deep in West Vii^nia has 
recently been examined by the writer. This is evidently a fossil water, a reUc of a Devonian sea. 
Its secondary salinity represents 45 per cent of its properties, a proportion of secondary salinity 
more than twice as high as that of modem sea water. 

It is just as reasonable to suppose that waters of the primary alkaUne type are capable of 
fossilization as it is to suppose that secondary saline waters are fossil. 

1 U. S. Oeol. Survey Bull. 479, Tables 2 and 3, 1911. 






THE STRATIGRAPHY OF THE MONTANA GROUP, WITH SPECIAL 
REFERENCE TO THE POSITION AND AGE OF THE JUDITH 
RIVER FORMATION IN NORTH-CENTRAL MONTANA. 



By C. F. BowEN. 



INTRODUCTION. 

The differences of opinion which have arisen regarding the stratigraphic position and age 
oi the Judith River formation led the writer to undertake a study of the Montana group in order 
to determine^ if possible, the stratigraphic relation of this formation. Stanton and Hatcher 
had previously announced that the Judith River formation is of Cretaceous age. Although at 
first this conclusion was generally accepted, doubt has since arisen as to its correctness. The 
investigations of the writer were therefore begun in an area where the formations are well exposed 
and where the stratigraphic succession can be. established beyond doubt. From this area the 
formations were traced northward to Missouri River in the type locality of the Judith River 
formation. This study has demonstrated the correctness of Stanton and Hatcher's views and 
forms the basis of the present paper. 

The area here discussed lies east of the Big Snowy and Judith mountains and extends from 
Musselshell, on Musselshell River, to Judith, on Missouri River, Mont. The geographic location 
of the area is shown by the key map on Plate X. 

The investigation, which was of a reconnaissance character^ was undertaken to ascertain the 
coal resources of this area and to make a special study of the stratigraphy of the formations of 
Montana age which are exposed in this part of the State. In this work the writer was assisted 
by Harvey Bassler, T. K. Hamsberger, and J. R. Jaquet. The economic results of the investi- 
gation have already been published.* 

In the preparation of this paper the writer has made free use of all previously published in- 
formation, for which credit is given in the proper places. He is especially indebted to Messrs. 
C. W. Gilmore, J. W. Gidley, O. P. Hay, F. H. Knowlton, and T. W. Stanton for assistance 
rendered in the preparation and arrangement of the paleontologic data. Inasmuch as the 
writer is not a paleontologist, it is proper to state here that the remarks regarding the synonymy 
and the validity of the determination of certain of the species of vertebrates have been extracted 
largely from the writings of E. D. Cope, J. B. Hatcher, O. P. Hay, L. M. Lambe, R. S. Lull, 
and H. F. Osbom and have been approved by C. W. Gilmore. 

PREVIOUS WORK. 

Since 1853, when Hayden did his first work on the upper part of Missouri River, many 
observers have contributed to the discussion of the stratigraphic position of the Judith River 
and underlying formations. Most of these early observers, including Hayden, Meek, Cope, 
C. A. White, and Peale, studied the section along Missouri River but did not attempt detailed 
mapping of the individual formations. In recent years more detailed work has been done in 
this and adjacent areas by Stanton and Hatcher,^ Calvert,* and Lupton.* 

'Bowen, C. F., Coal dlsoovered in a reconnaissance survey between Musselshell and Judith, Montana: U. S. Qeol. Survey Bull. 541, pp. 329- 
£7,1914. 
'Stanton, T. W., and Hatcher, J. B., Geology and paleontology of tbo Judith River beds: U. S. Qeol. Survey Bull. 257, 1906. 
' Cetpert, W. R., Geology of the Lewistown coal field, Montana: U. S. Geol. Survey Bull. 390, 1909. 
'LaptOD, C T., The eastern part of the Bull Mountain coal field, Montana: U. S. Geol. Survey Bull. 431, pp. 163-189, 1911. 
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SHOBTEB CONTRIBUTIONS TO GENEBAL GEOLOGY, 1914. 
BASE MAP AND FIEIiD METHOD. 



The United States Geological Survey is preparing a map of the United States for publication 
on a scale of about 16 miles to the inch. Part of this map was enlarged to a scale of 4 miles 
to the inch and used as the base for the geologic map (PI. X). The land Unes and the drain- 
age on this map are fairly accurate. The slight discrepancies which occur are so small that 
they do not appreciably affect the accuracy of the map on the scale on which it is here pub- 
lished, and therefore no adjustments were made. 

Horizontal control for the geologic mapping was based on township surveys of the Greneral 
Land Office. A main stadia traverse tied to land comers, generally not less than once in each 
township, was carried throughout the area, this part of the work being done with a Johnson 
plane table and a Gale telescopic alidade. Side lines, tied to the main traverse and to land 
comers, were made by horse pacing and by triangulation, with a 15-inch plane table and an 
open-sight alidade. By these methods the stmcture was platted and the boundaries of the 
formations were mapped. On the map thus prepared (PL X) the portions of the boundaries 
that were located with considerable accuracy are represented by solid lines and the portions 
that were located only approximately are represented by broken lines. 

STRATIGRAPHY. 
OENEBAI^ SECTION. 

The formations represented in the area here considered are the Colorado shale. Eagle sand- 
stone, Claggett formation, Judith River formation, and Bearpaw shale, of Upper Cretaceous 
age, and the Lance formation, of Tertiary (?) age. The geologic age and stratigraphic relations 
of the Eagle, Claggett, Judith River, and Bearpaw formations in north-central Montana were 
worked out by Stanton and Hatcher* in 1903, but Peale' in a recent article dissents from the 
conclusions they reached. The sequence, thickness, and characteristics of these formaltions, as 
determined by the studies of the writer in this field, are shown in the following generalized 
section: 

Generalized section of the sedimentary rocks in the area between Judith and Musselshell^ Mont. 



System and 
series. 


Group. 


Formation. 


Characteristics. 


Thickness 
(feet). 


Tertiary(T),Eo- 
cene(T). 




Lance forma- 
tion. 


Alternating gray sandstone and clay shale, with thin beds of coal near the top.o 


700^800 




Montana. 


Bearpaw 
shale. 


Marine shale, dark gray to black in upper part but with greenish tinge in lower 
part in southern portion of the field; contains numerous calcareous concre- 
tions which yield BaeulUe* ovatu*, BaeulUea eompresnUf SoaphUea nodonu, 
Inoceramua barabini, and other species characteristic of the Pierre shale. 


1,100± 


Cretaoeoas (Up- 


Judith River 
formation. 


Alternating beds of sandstone, clay, and shale, including carbonaceous mem- 
bers, mainly of brackish or fresh water origin. In the northern part of the 
area a more or less persistent coal bed occurs near the top of the formatbn 
and is in most places overlain by a bed of marl or breccia, containing great 
numbers of Ostrea »uhtrigoftali$. The formatbn also contains bones of verte- 
brates, fragments of leaves and stems, and much silicified wood. 

« 


2SO-fiOO 


per Cretace- 
ous). 


Claggett for- 
mation. 


An upper divisbn consisting of alternating beds of sandstone and shale, becom- 
ing predominantly sandstone at top. Marine fossils occur in these sandstones 
along Missouri and Judith rivers out have not yet been found in the south- 
em part of the area. The common forms are Taneredia americana, Oardium 
apfehsum, Mactra/ormoMy Maetra alia, and other species formerly considered 
as characteristic oi the Fox Hills sandstone. 


200± 




A lower division of dark marine shale which can not be easily distinguished 
lithologically or paleontologically from the Bearpaw shale. The most com- 
mon fossQs are SaculUes ovatus, BactUUes compresnu, Oervillia borealU^ Iwh 
ceramua barabini, and Leda ecufwi— species characteristic of the Pierre shale. 


£00± 



a Lupton, C. T., The eastern part of the Bull Mountain coal field, Montana: U. S. Oeol. Survey Bull. 431, pp. 169-170, 1911. 



» Op. cit., p. 63. 

>Peale, A. C, On the stratigraphic position and age of the Judith River formation: Jour. Oedogy, vol. 20, pp. 530-549, 640-662, 738-757, 1912. 
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OeTieralized section of tJu sedimentary rocks in the area between Judith and Musselshell ^ Mont. — Continued. 



8yst«mand 
strito. 


1 
Oroup. Formation. 


Characteristics. 


Thickness 

(feet). 




Montana — Con- 
tinued. 


Eagle B a n d • 
stone. 


In the northern part of the field the upper member of the Eagle sandstone con- 
sists of thin-bedded sandstone with some interbedded shale, and the middle 
member consists principally of dark-colored shale in which there are a few 
thin beds of carbonaceous shale, coal, and sandstone. In the southern part 
of the field the middle member consists of thin-bedded shaly sandstone and 
contains no coal or carbonaceous beds. 


10(K180 


Cretaceous 
(Upper Cre- 
teceous)— 
Continued. 


Vireelle sandstone member, a massive to heavy bedded sandstone which is > 
h^hly cross-bedded in some places. In the northern part of the field it is 
prevailingly of a white color and contains numerous small rusty concretions. 100-120 
In the southern part of the field the color is gray to light brown. It forms 
conspicuous ledges or hogback ridges wherever exposed. 






C 1 or ad 
shale. 


In its upper part the Colorado is a black marhie shale, alternating with thin 
beds oisandy shale and sandstone. At one locality examined a calcareous 
fossiliferous sandstone occurs in the upper part of the formation. The lower 
part of the formatbn was not studied. Baoulites sp., DoHnia orbkulata, 
Oyrodea eonradi, Inocenmtu deformit, Inoeemmiu labtahu, 8eapkit€9 ventri- 
eosfu, and other forms were obtained from this formatbn. 


Not measured. 



CBBTACBOT78 8YSTEM. 



COLORADO SHALE. 



Position and character. — Conformably beneath the Montana group Ues black laminated 
shale in which are thin beds of arenaceous material. The shale at several localities has yielded 
fossils which T. W. Stanton has pronounced of Colorado age. 

DiiUribuium and topographic expression. — The Colorado shale is somewhat widely distrib- 
uted to the west and south of the area mapped, where it is exposed around the anticline of 
the Big Snowy Mountains. From Willow Creek, in the southern part of this field, to the North 
Moccasin Moimtains the shale is well exposed immediately beneath the Montana group, and 
at two locaUties it occurs as an inher, brought up by subordinate folds, within the area occupied 
by the younger rocks. Because of its slightly resistant character the shale is easily eroded and 
occupies valleys bordered by the more resistant beds of overlying sandstone. 

Relation to overlying formations. — ^The Colorado shale Ues conformably beneath the Eagle 
sandstone and is separated from the typical sandstone by a transitional zone of sandy shale. 
The boimdary between the two formations was drawn at the top of the transitional zone, 
because this horizon marks the most abrupt Uthologic change and is most easily recognized in 
the field. 

EAGLE SANDSTONE. 

Definition. — The name Eagle sandstone was given by Weed * to the formation overlying 
the Colorado shale in north-central Montana and typically exposed on Missouri River at the 
mouth of Eagle Creek, 40 miles below Fort Benton. In the type locality the formation as 
defined by Weed consists of three more or less distinct imits, comprising an upper member of 
thin-bedded sandstone, a middle member of shale, and a lower member of massive ledge-making 
sandstone. This lower member is so persistent and characteristic over a large area in north- 
central Montana, even where the other divisions of the formation are not recognizable, that it 
seems desirable for purposes of description and correlation to give it a name. It is well exposed 
along Missouri Kiver from the town of Virgelle, a few miles below Fort Benton, eastward, and 
the name Virgelle sandstone member of the Eagle sandstone has therefore been adopted by the 
United States Geological Survey for this division of the formation. The Virgelle sandstone 
member is the lower massive ledge-making sandstone of the Eagle sandstone as defined by Weed. 

According to Stanton and Hatcher, the Eagle sandstone constitutes the lowest formation 
of the Montana group, and the fossils collected from it by the writer have been determined by 
Mr. Stanton to be of Montana age. 



1 Weed, W. H., U. S. OeoL Survey Oeol. Atlas, Fort Benton folio (No. 66), 1899. 
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Character and thickness, — In the southern part of the field the Virgelle sandstone member 
of the Eagle consists of a dull-gray to brownish massive, ledge-making sandstone about 100 feet 
thick; the middle division of the Eagle is a thin-bedded shaly sandstone; and the upper division 
is a thick-bedded, resistant sandstone in which large rusty-brown concretions are locally very 
numerous. As the formation is traced northward a change in the lithologic character may 
be noted about 12 miles east of Black Butte, where carbonaceous beds and thin streaks of coal 
begin to appear in the middle division of the formation. From Black Butte westward thin beds 
of carbonaceous shale and coal occur in this part of the formation at several places, and near 
Deerfield (about 8 miles southwest of the area mapped on PI. X) coal is being mined from a bed 
which, according to descriptions given by residents, overlies the Virgelle sandstone member. 
On Missouri River the formation shows still further changes in lithology ; the Virgelle sandstone 
member is glistening white to dull white in color, the middle division of the formation has 
changed to dark shale containing several thin beds of coal, and the upper division consists of 
thin-bedded sandstone and sandy shale. 

The total thickness of the Eagle sandstone ranges from 200 feet in the southern part of the 
field to 250 or 300 feet on Missom-i River. 

Distribution and topographic expression. — The Eagle sandstone occupies a narrow belt over- 
lying the Colorado shale from Willow Creek to the North Moccasin Mountains. West of these 
mountains (beyond the area mapped) it is more widespread, because of the decrease in the dip 
of the beds. The formation is also exposed at several places on Judith and Missouri rivers north 
of Fullerton. In these places it has been brought up by faulting. 

From Willow Creek north to Boxelder Creek the Eagle sandstone forms ledges 25 to 100 
feet high. Throughout the rest of the area the beds are inclined at angles of 20® to 70° and the 
formation produces narrow ridges with sandstone ribs along their crests. A characteristic 
topographic featiu-e of the Eagle is a double ridge, formed by the sandstones of the upper and 
lower divisions of the formation, separated by a shallow depression that is occupied by the 
more easily eroded beds of the middle division. 

Because of its ledge-making habit, the Eagle sandstone is well exposed and easily traced 
throughout the area, except on the north side of the Judith and North Moccasin mountains, 
where it is partly obscured by gravel washed down from the mountains. 

Relaiion to CUiggett formation and correlation, — The Eagle is conformable with the overlying 
Claggett formation, from which it is distinguished by its lithologic character. The correlation 
of the Eagle on Missouri River with that mapped from the North Moccasin Mountains to the 
south side of the field is rendered certain because of its stratigraphic position, between the 
Colorado shale below and the shale of the Claggett formation above. 

CLAGGETT FORMATION. 

The name Claggett was given by Stanton and Hatcher * to the formation overlying the 
Eagle sandstone because the formation is well exposed in the neighborhood of Judith (old Fort 
Claggett), on Missoiui River, which therefore becomes the type locality. As originally defined, 
the Claggett is separable into two divisions — a lower one of shale and an upper one consisting 
predominantly of sandstone. This definition will be followed in the present paper, though the 
writer believes that the upper division belongs more naturally to the Judith River formation. 

Character and thicJcness, — The lower division of the Claggett consists of dark marine shale 
similar both lithologically and paleontologically to the Bearpaw shale, which will be described 
later. It is about 750 feet thick in the southern part of the field, as determined by stadia 
measurement. Just north of Fullerton, on Judith River, an aneroid measurement gave a 
thickness of about 500 feet, and at this locality the upper division is about 120 feet thick. 

The upper division consists of alternating beds of sandstone and shale, becoming pre- 
dominantly sandstone in the upper part. At the top there is a bed of massive rusty-brown 
sandstone ranging from 1 foot to 20 feet in thickness. These beds were included in the Claggett 
by Stanton and Hatcher because they contain a marine fauna. 

1 Stonton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8. Geol. Survey Bull. 257, p. 13, 1905. 
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The dark shale constituting the lower division of the Claggett contains Baculites ovatus, 
Bactdiies compressus, Inoceramus haraJtnni, Leda evansi, and other forms characteristic of the 
Pierre shale, most of which also occur in the Bearpaw shale. At the type locality of the 
Claggett its upper division contains Cardium speciosum, Mactra dUa, Mactra formosay Tancredia 
americanaj and some other forms, all marine types, many of which occur in the Fox Hills sand- 
stone. This fauna led the earher geologists to assign the beds to the Fox Hills. 

DistnlnUion and topographic expression. — The surface distribution of the Claggett is shown 
on the accompanying map (PI. X). Along the southern maigin of the field and also along the 
north side nearly as far west as Black Butte the outcrop of the formation is very narrow, because 
the dip of the beds is steep. West of Black Butte the dip gradually decreases and the width of 
outcrop increases, so that north of the North Moccasin Mountains the formation is very wide- 
spread. Its western boundary was not mapped in this part of the field, but a complete section 
^^ the formation is exposed in the valley of Judith River between a point a few miles north of 
^^erfield and Missouri River. 

The soft shale of the lower division of the Claggett is easily eroded and generally occupies 

* ^^pression between the ridges fcJrmed by the underlying Eagle sandstone and the overlying 

^^ti^tone of the upper division of the Claggett and the Judith River. The formation is in 

general well exposed throughout the area described, but along the north side of the Judith and 

North Moccasin mountains the exposures are not so good, the formation being covered in places 

by gravel washed down from the mountains. There is also a narrow gap in the outcrop north 

of Boxelder Creek, where the Claggett has been eroded from the axis of the Cat Creek anticline. 

The lower division of the Claggett is easily recognized and traced in the field, because of 

its lithologic character and its eflFect on the topography. The upper division is less readily 

recognized and traced, because of its resemblance to the Judith River formation, which it 

immediately underlies, but north of the North Moccasin Moimtains it is very prominent in the 

upper part of the bluffs of the Judith River valley and is identified by the marine fossils which 

it contains. East of the North Moccasin Mountains no fossils were found in this division of the 

formation, but it was recognized in many places, notably south of Flat WUlow Creek, by its 

rusty-brown color and its resistance to erosion, because of which it forms a cap protecting the 

underlying softer rocks. 

Relation to other forufuxticfis. — ^The gradual transition from the marine Claggett to the over- 
lying fresh-water Judith River formation is adequately expressed by the following quotation 
from Stanton and Hatcher.* Describing the exposures on Dog Creek, they say: 

For considerable distances the Judith River beds are nearly or quite horizontal and conformably overlie the 
Claggett formation in such a manner that it is difficult to determine where one formation ends and the other begins, 
although in the field a bed of yellowish-brown sandstone varying in thickness from 1 foot to 20 feet or more was regarded 
as the upper limit of the Claggett formation. * * * From the persistence of this sandstone and from the fact that 
it marked the beginning of a decided change in the lithology of the underlying and overlying beds, it would certainly 
form a convenient delimitation between tlie two series of deposits and should perhaps be considered as the upper- 
most member of the Claggett formation, notwithstanding that in a number of instances typically marine fossils extended 
for some distance above in the basal members of those lighter-colored sandstones and shales usually referred to the 
Judith River beds and generaUy considered as entirely of fresh or brackish water origin. 

Cope's observations also agree with those of Stanton and Hatcher. He says: ^ 

From what has preceded the general conclusion is reached that the series of beds from the lowest of the Fort 
Pierre epoch to the summit of the Judith River is continuous and uninterrupted by any nonconformity or hiatus. 
They appear to have been deposited in regular sequence, and without any other disturbance than that oscillation of 
the bed of the sea which causes change in the character of the sediment. 

On the other hand, Peale ^ says that there is a suggestion of an tmconformity between 
the upper division of the Claggett (called Fox Hills by him) and the Judith River beds in the 
ralley of Judith River below Fullerton. 

> Stanton, T. W., and Hatcher, J. B., op. cit., p. 36. 

< Cope, £. D., Report on the geology of the region of the Judith River, Montana, and on vertebrate fossils obtained on or near the Missouri 
River: U. S. Geol. and Geog. Survey Terr. Bull. 3, p. 574, 1877. 

< Peale, A. C, On the stratigraphic position and age of the Judith River formation: Jour. Geology, vol. 20, p. 543, 1912. 
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The writer's observations agree with those of Stantoji and Hatcher and those of Cope. 
He was unable to detect any evidence of unconformity either between the Qi^ett and Judith 
River formations or at any other horizon in the section from the Colorado shale up to and 
including the Lance formation. He is of the opinion, however, that the upper division of 
the Claggott more properly belongs with the Judith River formation. Stanton and Hatcher 
included this upper division in the Claggett formation because it contains a marine fauna, but 
the preceding quotation from them shows that there is no sharp line of demarkation either in 
Uthology or paleontology between it and the overlying fresh-water beds. On the other hand, 
there is a rather marked Uthologic change between the upper and lower divisions of the 
Cls^ett. Furthermore, in the southern part of this field no marine fossils have been found 
in the upper division of the Claggett formation, and therefore the distinction between Claggett 
and Judith River as at present defined is even less marked here than on Missouri River. In 
fact, in the southern part of the field it is not practicable to separate the sandstone that has 
been included in the Claggett formation from the Judith River formation. Similarly, 35 miles 
northwest of the mouth of Judith River, in the Big Sandy coal field, where the same formations 
are involved, no marine fossils occur in the sandstone immediately overlying the shale of the 
Claggett formation. Instead of containing marine fossils the sandstones, which there seem to 
be the equivalent of the upper division of the Claggett at the mouth of Judith River, contain 
carbonaceous beds and fresh or brackish water shells and are, therefore, of fresh or brackish 
water origin. Inasmuch as the occurrence of marine fossils in the upper division of the Claggett 
seems to be a local phenomenon, inasmuch as these marine fossils are not limited strictly to 
the Claggett as now defined but in some places extend up into the overlying Judith River for- 
mation, and inasmuch as the most striking Uthologic change in the beds is at the base of the 
upper division of the Claggett, it seems to the writer that this is the most logical horizon to 
designate as the boundary between the Claggett and Judith River formations. It also con- 
stitutes a horizon that may be readily recognized in the field because of the striking difference 
between the dark fossiliferous marine shale and the overlying lighter-colored sandstone. It is 
true, however, that these marine strata were excluded from the Judith River formation in all 
the early descriptions of the type area, and this fact doubtless influenced Stanton and Hatcher 
in fixing the upper boundary of the Claggett formation when they described it in the same area. 

Prior to the work of Stanton and Hatcher the upper division of the Claggett was called 
Fox Hills, and that assignment has recently been reiterated by Peale.* This correlation is 
based on the fact that many of the fossils occurring in the upper division of the Claggett at the 
mouth of Judith River are identical with those that occur elsewhere in the typical Fox Hills. 
The relations of this fauna are discussed more fully in the paleontologic part of this paper 
(pp. 1 14-115), and it will suffice here to point out that this so-called Fox Hills sandstone has been 
traced by means of its fauna from Missouri River southward as far as the North Moccasin 
Moimtains and has been recognized by its color and Uthology at other places as far south as 
Flat Willow Creek and that it is positively known to be overlain at these places by the Judith 
River formation and a marine shale (the Bearpaw) which has a Pierre faima. The sandstone 
therefore does not occupy the stratigraphic position of the Fox Hills sandstone at the type 
locality. 

JltJDITH RIVER FORMATION. 

The Judith River formation is chiefly of fresh or brackish water origin and lies between 
two marine shales. The formation was named by Hayden in 1871,' but at that time its strati- 
graphic position was not understood. In 1903 Stanton and Hatcher ' determined that the for- 
mation is a member of the Montana group and is the time equivalent of a part of the Pierre shale. 

Character and thickness, — The Judith River formation consists of alternating beds of light- 
colored sandstone and clay, in which occur thin beds of carbonaceous shale. In the northern 

1 Peale, A. C, On the stratlgr&phic position and age of the Judith River fonnation: Jour. Geology, vol. 20, pp. 756-756, 1912. 
1 Hayden, F. V., Geology of the Missouri Valley: U. 8. Geol. Survey Terr. [Fourth Ann.] Prel. Rept., p. 97» 18n. 
s Op. cit., p. 267. 
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part of the area the formation contains some coal but is not known to be coal bearing east of 
Annells Creek. It yields fresh and brackish water invertebrates and locally some of marine 
origin. At many places there is near the top of the formation a bed ranging from less than 1 
foot to several feet in thickness that is made up almost wholly of shells of Ostrea subtrigonalis 
and is therefore called the Ostrea marl or breccia. The formation also contaixis bones of verte- 
brates^ much siUcified wood, and stems and fragments of plants, though well-preserved leaves are 
exceedingly rare. 

The thickness of the formation on Willow Creek in the southern part of the area, as deter- 
mined by stadia measurements, is 250 to 275 feet. It seems gradually to thicken northward, 
and in the northern part of the area it is about 500 feet thick. 

IHstrilyution and topographic expression. — ^The surface distribution of the Judith River 
formation from the south side of the field to T. 20 N. is shown on the accompanying map (PI. X). 
North of T. 20 N. its upper boundary was not mapped. The variations in the width of the 
outcrop of the formation coincide in a general way with those of the underlying Claggett 
fonnation. 

Where the beds are nearly flat-lying, as in the areas south of Flat Willow Creek and north- 
west of Roy, the Judith River weathers into badland forms, but where the beds dip steeply 
the formation gives rise to narrow ridges with sandstone ribs along their crests, very similar to 
the ridges formed by the Eagle sandstone. The Judith River is well exposed and its outcrop 
is easily traced because of its position between the shaly Claggett and the Bearpaw shale, both 
of which occupy low ground. The formation was traced from the southern border of the field 
northward nearly to Boxelder Creek, where it passes beyond the eastern limit of the area mapped. 
It reenters the area in T. 15 N., R. 29 E. There is no doubt that if followed farther east the 
formation could be traced continuously around this gap^ and that all the formations exposed 
south of Boxelder Creek could be coimected directly with those on the north border of the 
field. The sequence, character, and fauna of the formations are identical in these two areas. 
From T. 15 N., R. 29 E., the Judith River formation was traced continuously to the mouth of 
Judith River and was there found to be identical with the Judith River formation of Hayden, 
this locaUty being in the western part of his original area. As far west as Roy the formation, 
because of its highly inclined attitude, makes a hogback ridge and may be traced almost as readily 
as a turnpike. West of Roy it is well exposed along the main drainage lines, such as Boxelder 
Creek, Armells Creek, and Dog Creek, though it is commonly not well exposed on the divides. 
West of Dog Creek the exposures are continuous along the east side of the valley of Judith River 
and its tributaries from the North Moccasin Mountains north to Judith. The tracing of the 
formation across the field is therefore rendered very certain. 

As the possibihty of mistaken identification of formations in the faulted area north of Ful- 
lerton may be ui^ed and doubt therefore cast on the above statements, it may be well to point 
out again that the correlations in this part of the field do not rest on the tracing of the Judith 
River formation alone, but that the underlying Claggett formation, composed of two distinct 
members (the Pierre and Fox Hills of Peale and many of the earUer geologists), each containing 
a characteristic fauna, can be traced with equal certainty. (See quotation from Peale, p. 111.) 
On page 104 it is stated that the maximum displacement due to the faults north of FuUerton is 
probably iibout 650 feet, and that therefore the key rocks — the two members of the Claggett 
formation — are in no place lost to sight. In view of these conditions it seems to the writer that 
no vfiUd objection can be raised as to the correlation of the formations across this faulted zone. 

Relation to othsr formations. — The relation of the Judith River to the Claggett is considered 
on pages 99-100. The formation lies beneath the Bearpaw shale, with which it shows conform- 
able relations throughout this field. The evidences of the stratigraphic position and age of 
the Judith River formation are considered more in detail in another part of this paper. 

t- Since this paper was prepared the writer has traced the Judith River lormatioii around this gap and has thus positively proved Its 
coatinnxity throughout this Held. 
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BEARPAW SHALE. 

The Bearpaw shale overlies the Judith River formation and is equivalent to the upper part 
of the Pierre shale. The formation was named and its stratigraphic relations were determined 
by Stanton and Hatcher * in 1903. 

Character and thickness, — The Bearpaw is a dark marine shale of the same lithologic char- 
acter as the daggett of this field and the Pierre shale of other locaUties. It contains numerous 
calcareous concretions from which Baculites ovatus, Baculites compressuSj Scaphites nodosus, 
Leda evansi, and other fossils characteristic of the Pierre are obtained. The formation has a 
thickness of 1,150 feet south of Willow Creek, and this thickness seems to be fairly constant 
throughout the field so far as the entire formation was studied. 

Distribution and topographic expression. — The Bearpaw has a similar distribution to that 
of the Judith River. The upper boimdary of the formation was mapped as far west as R. 24 E., 
and the lower boundary to about the center of T. 20 N., R. 19 E.; at that point the outcrop 
bears oflF to the east, and a few miles beyond it becomes involved in extensive faults. 

The Bearpaw weathers easily and its outcrop generally occupies a depression between the 
Judith River and Lance formations, but this feature becomes less distinctive as the width of 
the outcrop increases. The formation is well exposed throughout most of the area in which 
it was mapped, but, Uke the Judith River, the Bearpaw passes beyond the eastern margin of 
the field and therefore was not traced continuously throughout the area. 

Relation to other formations, — The Bearpaw is similar in Hthology and paleontology to the 
Pierre shale of other localities and to the shale of the Claggett formation in this field. Because 
of this similarity the Bearpaw and Claggett were confused by the early geologists who visited 
this region and both were called Pierre shale. The following differences have been observed 
between the Bearpaw and the Claggett: (1) The Bearpaw is much thicker, as shown by the 
table on page 96. (2) The Bearpaw is more fossiliferous and contains a more diversified fauna. 
(3) In many places in this field a bed consisting almost wholly of brackish-water shells, largely 
Ostrea subtrigonalis, lies immediately beneath the Bearpaw. In this field no shells of this kind 
are found immediately beneath the Claggett. 

The similarity in the fauna of the Bearpaw and the shale of the Claggett is shown by the 
following list of fossils: 

Table 1. — Invertebrate fossih from the shale of the Claggett formation and the Bearpaw shale. 

NoTE.-^pecies marked '' ^ " were collected by Stanton and Hatcher. Species marked " > " are those collected by the writer and his assistants 
in 1912 which are not included in Stanton's list. 



Acmsea oocidentalis M. and H 

Andiura unericana (E. and S.) 

Anisomyon centrale Meek 

Anisomyon alveolus M. and H 

Avteula Unguiformis E. and S 

Avicula nebrascana E. and S 

Baculites oompressus Say 

Baculites ovatus Say 

Cinulia ooncinna M. and H 

Cuspidaria ventrioosa M. and H 

Haminea subcylindrica M. and H 

Inoceramus barabini Morton 

Inooeramus sagensis Owen 

Leda (Yoldia) evansi M. and H 

Liopistha (Cymella) undata M. and H , 

Lucina subundata H. and M 

Lunatia oocidentalis M. and H 




Claggett. Bearpaw. 



Nucala cancellata M. and H 

Nucula planimarginata M. and H. . 

Nucula subplanaT H. and M 

Ostrea peUucida M. and H 

Pecten nebrascensfs M. and H 

Placenticeras intercalare M. and H. 

Plaomticeras sp 

Placenticeras whitfleldl Hyatt 

Protocardia rara E. and S 

Protocaidia subquadrata E. and S. 

Scaphites nodosus Owen 

Scaphites subgtobosus Whiteaves.. 

Syncyclonema rigida M. and H 

Tlietls? circularis M. and H 

Trigonarca exigua 

Vanikoro ambmia M. and H 

Qervillea borealis Whiteaves 



X» 



X» 



X» 



XI 

XI 

X 

XI 

X» 

X» 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



An inspection of this table shows that all the species found in the shale of the Claggett for- 
mation are also represented in the Bearpaw, but that the fauna of the latter is more varied than 
that of the former. This coincides with the field observations that fossils are more niunerous 
in the Bearpaw than in the Claggett. 



I Op. cit., p. 13. 
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TERTIARY (?) SYSTEM. 
LANCE FORMATION. 

No detailed study was made of the Lance formation, though its lower boundary was traced 
nearly halfway across the area mapped. The following statement concermng it is taken from 
the report by C. T. Lupton on the eastern part of the Bull Moimtain coal field,* which adjoins 
this area on the south: 

It cousifits of 700 to 800 feet of yellowish-gray sandstone, clay of various colors, and grayish sandy shale. Sandy 
material predominates. The lower part is noticeably micaceous; the upper part contains thin beds of coal. Wliere 
the formation dips steeply it makes hogbacks with narrow valleys between, and where it is nearly level it makes a series 
of scarps. Few fossils have been found in this formation. 

Two detailed sections were measured south of Willow Creek for the purpose of showing the 
transition from the Bearpaw to the Lance. One of these is given below. 

Section oftranntumal bed» between typical Bearpaw shale and typical Larux formation, T.29 N.,R.9E.y Montana, 

Typical Lance. Feet. 

Sandstone, buff to rusty, slightly cross-bedded 8 

Shale, drab 6 

Shale, sandy 4 

Shale, carbonaceous; contains fragments of stems of plants 8 

Sandstone, yellow, massive 20 

Shale, with carbonaceous member near middle 10' 

Sandstone, white, friable 5 

Shale, black, carbonaceous at top 8 

Shale, drab 15 

Sandstone, shaly , ferruginous 1 

Shale, black 2 

Sandstone, yellow to brown '. 4 

Shale, drab 40 

Shale, with intercalated shaly sandstone members 8 

Shale, typical Bearpaw. drab, concretionary, containing Baculites and other forms. 

139 
STRUCTURE. 

FOLDS AND DOMES. 

The dominant structure in the eastern part of the area is a broad symmetrical fold — the 
Big Snowy anticline — on which are superimposed several smaller folds, thus producing the type 
of fold known as an anticlinorium. The axis of the Big Snowy anticline trends northwest and 
pitches to the southeast. Out on the plains the strata on opposite limbs of this fold dip at angles 
ranging from 20° to 70°. Toward the mountains the dips decrease in amoimt and from Black 
Butte westward along the north base of the Judith and Moccasin mountains they do not exceed 
45° and the anticline loses its distinctive character. 

The minor folds, consisting of the Devik Basin, Flat Willow, and Cat Creek anticlines with 
intervening synclines, are also open symmetrical folds whose axes pitch to the southeast and 
trend roughly northwest but are somewhat sinuous in outline. The dips on opposite limbs of 
these folds as a rule range from 2° to 6° and rarely exceed 10°. 

A dome structure has been produced by the laccoliths which have given rise to Black Butte 
and the North Moccasin Mountains. So far as traced, the beds dip steeply away from these 
uplifts, except at the southeast side of Black Butte, where they dip steeply toward the butte, 
probably as the result of faulting. 

Out on the plains north of the Judith and North Moccasin mountains the strata dip at a 
low angle to the north or northeast. 

» U. 8. Oeol. Survey BuU. 431, p. 170, 1911. 
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FAULTS. 

In this region faults are important structural features only in the area north of T. 20 N. 
Two minor faults on the north side of the Judith Mountains are shown on the map (PL X), 
and; as already pointed out, there is prohably a small fault at the southeast side of Black Butte. 
Between Fullerton and Missouri River three prominent faults and some minor ones, striking a 
little west of north, cross the valley of Judith River. These faults all appear to be of the normal 
type. At the first and second faults north of Fullerton the beds dip steeply to the north near 
the fault plane but are nearly flat a short distance away. At the fault nearest Missouri River 
they dip to the south, and there is evidence of some minor faults, the details of which were not 
worked out. The northernmost fault exhibits the maximum throw observed, and at that place 
the white massive Virgelle sandstone member at the base of the Eagle is brought into juxta^ 
position with the sandstone beds constituting the upper part of the Claggett formation. If a 
thickness of 150 feet is allowed for that part of the Eagle above the white massive Virgelle 
sandstone and 500 feet for the lower or shaly portion of the Claggett, the throw of the fault 
would be about 650 feet. 

Fault lines were seen also on the east side of Dog Creek, in T. 21 N., R. 19 E., where the 
structure seems more complicated than on Judith River. The maximum disturbance is prob- 
ably shown along Missouri River between Armells Creek and Dog Creek. Speaking of this 
area Hayden* says: 

It presents perhaps the most rugged scenery on the Missouri River, the denudation and erosion having been much 
greater than at the badlands of White River. But the most remarkable feature of this basin is the wonderful dis- 
turbance of the strata. So much are the beds disturbed and blended together by forces acting from beneath that it 
seems almost hopeless to obtain a section showing with perfect accuracy the order of superposition of the different strata. 

STRATIGRAPHIC POSITION AND AGE OF THE JUDITH RIVER FORMATION. 

SCOPE OF DISCUSSION. 

In the foregoing pages the discussion has been confined chiefiy to the stratigraphy of the 
formations in the area represented by the shaded portion of the accompanying map (PI. X). In 
presenting the evidence now at hand bearing on the position and age of the Judith Kiver forma- 
tion it is necessary to give a brief review of previous opinions as to the age of these beds and 
the stratigraphic succession in the type area of the Judith River formation, to correlate the 
formations in the type area with those m the area herem considered, and to present the paleon- 
tologic evidence as to the age of the Judith River and associated formations. 

HISTOBICAL ST7HMABY. 

The literature bearing on the stratigraphic position and age of the Judith River formation 
has been fully and carefully reviewed by Stanton and Hatcher.^ For that reason only a brief 
synopsis, suiB&cient to give the reader an imderstanding of the various opinions held, is pre- 
sented here. 

NAME. 

The name Judith River group was first given to this formation by Hayden ' in 1871. After 
discussing the Fort Union ''group,'' he says: 

There is another basin near the sources of the Missouri River which has already yielded many fossils of great interest 
but which seems to be isolated from the others. This is what I have called the Judith Basin , and inasmuch as it seems to 
be one of the ancient lake deposits, and characterized by a peculiar group of organic remains, I will designate the strata 
as the Judith group. The sediments do not differ materially from those of the Fort Union group and they contain 
impiu^ beds of lignite, fresh-water Mollusca, and a few leaves of deciduous trees. But the most remarkable feature of 

1 Hayden, F. V., Notes explanatory of a map and section illxistratlng the geological stmctuie of the country bordering on Uie MisBoari RivBK 
from the mouth of the Platte River to Fort Benton: Aoad. Nat. Sol. Philadelphia Proc., vol. 9, pp. 11&-117, 1857. 
s Stanton, T. W., and Hatcher, J. B., op. cit., pp. 14-^1. 
* Hayden, F. V., Oeology of the Missouri Valley: U. 8. Oeol. Survey Terr. [Fourth Ann.] Prel. Kept., p. 97, 1871. 
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this group is the number and variety of the curiouB reptilian remains, of which we have only yet caught a glimpse. 
There is probably no portion of the West that furnishes such a harvest of fossil remains and instructive geological &ct8 
as the country bordering the Missoiuri River from the mouth of the Yellowstone to the foot of the mountains above 
the Great Falls of the Missouri; and as this country is reserved for examination the coming season I will leave the 
obscurity which now invests it to be cleared in the next annual report. 

Prior to that time the term Judith River beds had been used in a general way ^ to include 
all the formations exposed near the mouth of Judith River. Since the strata were named by 
Hayden the terms Judith River beds and Judith River formation have been used as synonymous 
with Hayden's term Judith River group, which has finally been supplanted by the term Judith 
River formation. 

ORIGINAL ABEA AND TYPE LOOALriT. 

No exact locality was designated by Hayden as representing the type of this formation. 
It is evident, however, as the following quotation * will show, that the area in which his Judith 
River group occurs lies along Missouri River between Judith River on the west and the mouth of 
Musselshell River on the east. 

Near the mouth of the Judith River, not far from the sources of the Missouri, in latitude 47^ 30^, longitude 109^ 3(K, 
is a wild, desolate, and rugged region, which I have called the ''Badlands of the Judith, '* in contradistinction to those 
of White River. * » * 

The area occupied by this peculiar basin I could not determine with precision, but have estimated it at about 40 
miles from east to west and from 15 to 30 from north to south, and it is separated into ^o nearly equal portions by the 
Missouri. The Judith River rises in the Judith Mountains, pursues a course nearly due north, for the most part through 
Cretaceous strata, and empties into the Missouri in latitude 48^, longitude 106^ [about 110^]. The Judith River forms 
the north [western] boimdary of this basin. The Muscle Shell River also rises near the Judith Mountains but takes a 
course a little east of north, flows through Cretaceous formation No. 4, and empties into the Missouri near latitude 
47^ 30^ and longitude 108^. That portion of the ''Badlands" which is formed of the estuary deposit under considera- 
tion lies between these two streams. 

PREVIOUS OPINIONS OF STRATIGRAPHIC POSITION AND AGE. 

In 185ff Meek and Hayden " correlated the marine formation immediately underlying the 
Judith River formation at the mouth of Judith River with the base of the Cretaceous. This 
correlation was based on the lithologic similarity of this formation to formation No. 1 (Dakota) 
and on the fossil evidence, especially that of the vertebrates, as determined by Leidy. In 
another paper ^ in the same volume Meek and Hayden suggest that this marine sandstone 
probably represents the older members of the Cretaceous but that it may be as old as Jurassic. 
In 1857 Hayden ^ described and mapped the badlands of Judith River as occupying a Tertiary 
basin. Later in the same year Meek and Hayden,* on the basis of the invertebrate fauna, 
again assigned the Judith River formation to the Tertiary but said that the saurian and fish 
remains ally it to the Wealden. In 1858 Hayden,^ after studying a fresh-water faima at the 
base of the Cretaceous in the Black Hills region, assigned the Judith River to the Cretaceous, 
thus reversing his former opinion, and said that it may be the American representative of the 
Wealden. After a reexamination of the invertebrates of the Judith River formation and a 
comparison of these fossils with the forms from the Black Hills, Meek and Hayden referred the 

1 Meek, F. B., and Hayden, F. V., Descriptions of new foBsfl species of MoUusca collected by Dr. F. V. Hayden in Nebraska Territory, together 
with a complete catalogue of all remains of Invertebrata hitherto described and Identlfled from the Cretaceoas and Tertiary formations of that 
region: Acad. Nat. ScL Fhfladetphia Proc., vol. 8, pp. 2^5-286, 1836. 

> Hayden, F. V., Oeological sketch of the estuary and frei^-water deposit of the badlands of the Judith, with some remarks upon the surround- 
ing formations: Am. Philos. Soc. Trans., new ser., vol. 11, p. 123, 186a 

s ICeek, F. B,, and Hayden, F. V., Some genenl remarks on the geology of the country about the sources of the Missouri River: Acad. Nat. 
Scl. Philadelphia Proc., vol. 8, p. 114, 1856. 

« Acad. Nat. Sd. Philadelphia Proc., vol. 8, p. 267, 1856. 

* Hayden, F. V., Notes explanatory of a map and section Illustrating the geological structure of the country bordering on the Mlnouri River 
from the mouth of the Platte River to Fort Benton: Acad. Nat. 6ci. Phfladelphia Proc., vol. 9, pp. 109-116, map, 1857. 

• Meek, F. B., and Hayden, F. V., Descriptions of near species and genera of fossils collected by Dr. F. V. Hayden in Nebraska Territory, 
under the direction of Lieut. Q. K. Warren, U. S. Topographical Engineer Idem, pp. 117-148. 

' Hayden, F. V., Explanations of a second edition of a geological map of Nebraska and Kansas: Acad. Nat. Scl. Philadelphia Proc., vol. 10, 
pp. 139-158, map, 1858. 
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Judith River back to the Tertiary. Speaking of the fresh-water Jurassic of the Black Hills, 
they said:* 

At the time we published theee facts [concerning the fresh-water Jurassic of the Black Hills] we were led by the 
discovery here of fresh-water shells, in such a position, to think that some estuary deposits of doubtful age, near the 
mouth of Judith River, on the Missouri, from which Dr. Leidy had described some saurian remains resembling Wealden 
types, might be older than the Tertiary. Later examinations, however, have demonstrated that the Judith beds 
contain an entirely different group of fossils from those found in the rock imder consideration, and that they are really 
of Tertiary age and hold a position at the base of the great lignite series of the Northwest. 

In another paper published in the same year,' after classifying the Tertiary basins of the 
Northwest, Hay den referred the Judith River formation to the Tertiary, as follows: 

The estuary deposits, of which the Judith basin may be regarded as the type, are quite remarkable and of a most 
interesting character. Opinions of a somewhat conflicting nature have been entertained in regard to them, owing to 
the peculiar character of the organic remains, but recent observations have convinced me that they are all of Tertiary 
age, and that they are qmte widely distributed throughout the far West. 

In 1875 both Meek * and Hay den * announced independently that the marine sandstone 
immediately underlying the Judith River formation near the mouth of Judith River had been 
definitely correlated with the Fox Hills, but in 1876, in his last writings on the subject. Meek * 
referred the Judith River to the Cretaceous, as follows: 

We have long regarded the Judith River beds as forming a distinct group older than the Fort Union deposits. 
« « « rpi^s^^ these older beds (the Judith River brackish and fresh water deposits and their equivalents elsewhere) 
are Cretaceous is certainly highly probable, as has been suggested by the author on former occasions; yet this can scarcely 
be properly regarded as an established fact. 

In 1856 Leidy* published his first determinations of the vertebrate collection made by 
Hayden in the Judith River basin, and aUied the vertebrates of the Judith River formation 
with those of the Wealden of Europ6. 

In 1860 Leidy' made the following statement: 

The association of the remains of Trachodon, Deinodon, Crocodilus, and Lepidotus, corresponding with the asso- 
ciation of the remains of the closely allied Iguanodon, Megalosaurus, Crocodilus, and Lepidotus of the Wealden 
formation of England, led the author to suspect the Judith River formation was of cotemporary age, though he was 
fully aware of the fact that totally dissimilar animals have occupied different portions of the earth at the same period. 

In 1871 Cope ' referred the Judith River fossils to the Upper Jurassic. In 1873 he placed 
the Judith River formation in the Cretaceous on the basis of the fossil remains,' and in the fol- 
lowing year (1874) he assigned it to the top of the Cretaceous.*® In 1877 Ike assigned the black 
shale **No. 4'' (now called Claggett) to the Pierre, and the overlying marine sandstone, which 
marks the transition to the Judith River, to the Fox Hills sandstone.** He also said:*^ "The 
positive age of the Judith River fauna is Cretaceous, with some Tertiary affinities.'' 

1 Meek, F. B., and Hayden, F. V., DescriptionB of new lower Sflurian (Primordial), Jurassic, Cretaceous, anjl Tertiary fossils collected in 
Nebraska, by the exploring expedition under the command of IJeut. Q. K. Warren, with some remarks on the rocks from which they were 
obtained: Acad. Nat. Set Phfladclphia Proc., vol. 13, pp. 415-447. 1861. 

s Hayden, F. V., Sketch of the geology of the country about the headwaters of the Missouri and Yellowstone rivers: Am. Jour. 8ci., 2d aer., 
vol. 31, pp. 22g-245, 1861. 

s Meek, F. B., Note on some fossils from near the eastern base of the Rocky Mountains, west of Oreelcy and Evans, Colo., and othenfrom about 
200 miles farther eastward, with descriptions of a few new specif>s: U. 8. Oeol. and Qeog. Survey Terr. Bull., vol. 1, 2d ser., p. 39, 1875. 

• Hayden, F. V., Notes on the llgnitic group of eastern Colorado and portions of Wyoming: Idem, p. 408, 1876. 

ft Meek, F. B., A report on the invertebrate Cretaceous and Tertiary fossils of the upper Missouri country: U. 8. Oeol. Survey Terr. Repts., 
vol. 9, pp. xlvii, 1, 1876. 

• Leidy, Joseph, Notices of the remains of extinct reptiles and fishes discovered by Dr. F. V. Hayden in the badlands of the Judith River, 
Nebraska [Montana] Territory: Acad. Nat. Sol Philadelphia Proc., vol. 8, pp. 7^73, 1856. 

7 Leidy, Joseph, Extinct Vertebrata from the Judith River and Great Lignite formations of Nebraska: Am. Philos. See. Trans., new ser., 
vol. 11, pp. 139-140, 1860. 

• Cope, E. D., Extinct Batrachia, Reptilia, and Avee of North America: Am. Philos. Soc. Trans., new ser., vol. 14, pp. 1-252, 1871. 

» CJope, E. D., Report on the wrtebrate paleontology of Colorado: U. S. Oeol. and Geog. Survey Tnrr. (SeventhJ Ann. Rept. [for 1873], p. 434, 
1874. 

»o Cope, E. D., Review of the Vertebrata of the Cretaceous period found west of the Mississippi River: U. 8. Geol. and Goog. Survey Terr. Bull., 
vol. 1, 1st ser.. No. 2, pp. 6-8, 1874. 

» Cope, E. D., Report on the geolc^y of the region of the Judith River, Montana, and on vertebrate fossils obtained on or near the Mijviouri 
River: U. S. Geol. and Goog, Survi'y Terr. Bull, vol. 3, pp. 565-598, plati^s 3(K34, 1877. 

» Idem. p. 576. 
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While this work was being carried on in the United States, G. M. Dawson was engaged in 
the study of the Belly River formation of Canada, which he correlated with the Judith River 
formation, as follows: ^ 

Briefly stated, it would appear from the investigations now reported on that considerable areas of the beds which 
in 1874 I called '* Lignite Tertiary" — ^heie and in previous announcements designated as Belly River series— must be 
relegated to a position below the Pierre shales, or at least to one below an upper portion of these shales. The beds 
thus separated as the Belly River series were, in 1875, by me correlated with the Judith River series of the Missouri. 
Additional and extensive collections of fossils since obtained and now being worked out confirm and strengthen this 
correlation and lead to the presumption that the so-called Judith River series must also occupy a position well down 
in the undoubted Cretaceous. It may be added that this was the view originally held by Messrs. Meek and Hayden 
and supported, it would appear, not alone on the supposed analogies of the vertebrate remains examined for them by 
Prof. Leidy, but also on stratigraphic evidence — evidence which perfectly agrees with the Impressions resulting from 
sadi cursory examination as I was able to make of the Missouri sections from the deck of a steamer while ascending 
the river in 1881. 

In 1885 the invertebrate fossils of the Belly River were described by J. F. Whiteaves,' who 
commented on them as follows: 

Judging by their respective invertebrate faimas, it would seem impracticable to separate the ''Belly River series" 
from the Laramie, and more especially from the ''Judith River group,'' on purely paleontological evidence. 

The invertebrate fauna of the "Belly River series" seems to be essentially the same as that of the "Laramie" of 
the United States and Canada, unless more than one formation has been confounded imder the latter name, and * * * 
it is at present scarcely possible to separate the "lower dark shales" of Dr. Dawson's Bow and Belly River report from 
the "Fort Pierre and Fox Hills" groups on purely paleontological grounds. 

In 1902 Osbom ' made the following statements: 

The Survey had established beyond question, geologically, that the Belly River series is mid-Cretaceous, that it 
underlies the Montana or Fort Pierre-Fox Hills group and overlies the Fort Benton and Dakota groups. * ♦ * It 
BooQ appeared to the writer in the study of the fine collection made by Mr. Lambe that the Belly River vertebrates 
of the Northwest Territory were of decidedly different and apparently of older type than those from the Laramie beds 
of Converse County, Wyo., described by Marsh, and were rather to be compared with those described by Leidy, Cope, 
and Marah from Montana, chiefly from the Judith River beds, a region by no means distant geographically. 

Thus the correlation between the Belly River and Judith River series, proposed by the late Director, Dr. G. M. 
D&WBon, in 1875, at first glance appeared to be confirmed faunistically; but this correlation is not supported by the 
S^logical records, which all place the Judith River beds proper above the Fox Hills and Fort Pierre. * * ♦. 

There is thus very little in common between the Belly River fauna and the Laramie fauna of Wyoming and Colo- 
ndo so far as described, except the dinosaur Omithomimus and the very persistent chelonian Baena. Most of the 
^'"waaurB will probably be found to be separated generically. 

On the other hand, so far as known, the Montana fauna has much in common with the Belly River, especially 
^® ^estudinata, Iguanodontia, and Ceratopsia. 

In 1903 Stanton and Hatcher ^ studied both the Judith River and Belly River formations 
'^d defined the stratigraphic position of the Judith River as follows: 

^^Ur field studies in the original Judith River area have established the stratigraphic succession of the Upper Creta- 
7^^ Section and show that the Judith River beds lie beneath several hundred feet of marine Cretaceous shales with 
^^^^r^^teristic invertebrate founa, and that they rest upon another marine formation which also bears an abundant 



The overlying formation we have called the Bearpaw shales, becauae it ia well exposed in the area south, 
^^^^ ' ^^id north of the Bearpaw Mountains. The name Claggett formation has been given to the underlying beds because 
Vb «1 ?*^ well developed around the site of old Fort Claggett, near the mouth of Judith River. "Wherever the exposures 
]^^^^^^ region show lower beds the lignite and conspicuous sandstone ledges of the Eagle formation are seen, and still 
j^^*" the dark Benton shales with a characteristic fauna are revealed. The Judith River formation itself has yielded 
^^J*^*^^ of both vertebrates and invertebrates, most of which are peculiar to it. Its lithologic features a]so are different 
3^oee of any other formation in the section and make it easily recognizable, 
'^yond the tjrpical area we found on Milk River, in the neighborhood of Havre, a similar succession of formations 
Jt.lie Claggett to the Bearpaw, inclusive. The formation occupying the position of the Judith River beds here 
^e same lithologic and paleontologic characteristics as in the original area, with which it probably has direct 
ll^ctions around the east end of the Bearpaw Mountains. It is therefore unhesitatingly identified with the Judith 

^^ iwson, O. M., Report on the region in the vicinity of the Bow and Belly rivers, Northwest Territory: GeoL Survey Canada Kept rrogiei B 

'^ ^^H p. 119c, mapB, 1885. 

^ ^^^^mtr. Canadian Paleontology, vol. 1, pt. 1, pp. 55, 89, 18R5. 

^ ^-^born, H. F., Distinctive characters of the mid-Cretaceous founa: Contr. Canadian Paleontology, vol. 3, pt. 2, pp. 7-21, 1902. 

^Yanton, T. W., and Hatcher, J. B., Geology and paleontology of the Jndith River heds: U. S. Oeol. Survey Bull. 257, pp. 62, 66, 1906. 
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River beds. From Havre this formation was traced by means of practically continuous exposures and without essential 
change of lithologic and paleontologic characters into an area of Belly River beds mapped by Dawson. Here again 
the underlying Claggett formation was recognized by its fossils and lithologic features, and above the Judith River 
(Belly River) beds the Pierre shales of the Canadian geologists are clearly identical with the Bearpaw shales of our 
Montana section. 

In other areas studied by us in Montana the same succession of formations was observed. Two horizons in this 
region are especially well characterized by marine invertebrates — one in the upper part of the Benton shales and the 
other in the Bearpaw shales. Wherever these were both present in one section the succession and recognition of the 
intervening formations were unmistakable. * * * 

Our principal conclusions from the season's work may be summarized as follows: 

1. The Judith River beds are distinctly older than the Laramie, being separated from the latter by at least several 
hundred feet of marine shales, identical in their faunal and lithologic features with the Pierre, to which we have given 
the local name Bearpaw shales, from the Bearpaw Mountains, about which they are well exposed. 

2. The Belly River beds of Canada are identical with the Judith River beds of Montana. The name Judith River 
beds, having priority, should be the accepted name for this formation, and the terms Belly River and Fish Creek beds 
should be dropped. 

3. The marine sandstones and shales immediately imderlying the Judith River beds do not represent either the 
Benton, as some Canadian geologists have supposed, or the Fox Hills and upper Pierre, as most geologists of the 
United States who have examined them have believed, but they constitute a distinct horizon within the Montana 
group which we have called the Claggett formation, from old Fort Claggett, at the mouth of Judith River, near which 
they are well developed. 

4. The Eagle formation, from its stratigraphic position and faunal relations, marks the base of the Montana group 
in this r^on. 

5. The Bearpaw shales, the Judith River beds, the Claggett, and the Eagle formations all belong to the Montana 
group and together probably form the equivalent of the Pierre as that term is generally understood, though the 
possibility is recognized that in the typical area the Pierre may have more restricted limits; 

6. Faunas similar to that of the Fox Hills sandstone have a great vertical range and are likely to be found at any 
horizon within the Montana group where a littoral or shallow-water fades is developed. The use of the term Fox Hills 
as a formation or horizon name outside of the original area in South Dakota is therefore of doubtful propriety, as 
experience has shown. 

In 1911 A. C. Peale, who had done work in the Judith River region in connection with the 
Hayden Survey, revisited that area and spent a month in the field in a special study of the 
Judith River formation. As a result of this study Peale in 1912 pubUshed a paper ^ in which 
he contended for the Tertiary age of the formation, thus reverting to the opinions which had 
been held by some geologists before the work of Stanton and Hatcher. His conclusions are 
given in the following quotation: 

Our first conclusion, therefore, is that the Judith River beds and the Belly River series, although both of fresh- 
water origin and lithologically very similar, are entirely distinct from each other, occupying stratigraphical positions 
separated by 1,000 feet or more of marine sandstones and shales. * * * Our second conclusion is that the Fox 
Hills formation, with its characteristic fauna and flora, immediately and unconformably underlies the Judith River 
beds and that it rests conformably upon exposures of characteristic Pierre shales throughout the Judith Basin. * * * 
We have no hesitation in stating the third conclusion, viz, that the Judith River formation is the representative if 
not the exact equivalent of the whole or some, perhaps lower, portion of the Lance formation, and that the latter name 
should be replaced on the ground of priority of use by the name Judith River formation. * * * We are fully 
warranted in concluding, as pointed out by Dawson long ago, that the Belly River series is of Niobrara age. * * * 
Apparently the entire series from the base of the Eagle sandstone to the base of the Pierre shales is a imit representing 
the Canadian Belly River formation. 

The foregoing sketch briefly simmiarizes the views that have been held regarding the age 
and position of the Judith River formation. A review of the evidence shows that on the basis 
of its vertebrate remains the Judith River formation has generally been assigned to the Creta- 
ceous, although differences of opinion have been expressed as to its exact position in the Cre- 
taceous section. Before the characteristics of the Upper Cretaceous dinosaurs were well known 
Leidy, Meek,' Hayden, and Cope thought that the remains from the Judith River formation 
were closely allied to the Wealden (Lower Cretaceous) of Europe, and hence the formation was 
considered to be of Lower Cretaceous age. But as the Upper Cretaceous dinosaurs came to 
be better known it was generally recognized that the remains from the Judith River formation 
have their closest alhes in the Upper Cretaceous. From that time on practically all vertebrate 



1 Peale, A. C, On the stxatigraphic position and age of the Judith River formation: Jour. Geology, vol. 20, pp. 530-549, 640-652, 738-757, 1912. 
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paleontologists have regarded the Judith River formation to be of Upper Cretaceous age. On 
the other hand, the invertebrate evidence, though somewhat conflicting in its nature, has been 
regarded by the earher writers as showing a closer affinity with the Tertiary than with the 
Cretaceous. Finally, the stratigraphic evidence has been interpreted, except by Dawson and 
by Stanton and Hatcher, as indicating that the Judith River formation is yoimger than the 
Fox Hills, and therefore at the top of the Cretaceous or the base of the Tertiary. 

REVIEW OF THE STRATIGRAPHY IN THE TYPE AREA OP THE JUDrTH RIVER FORMATION. 

Hayden's best account of the stratigraphy in the type area of the Judith River formation, 
from which the following extracts are taken, was pubUshed in 1860.^ 

So intimately do the estuary beda at the mouth of the Judith seem to be connected with Cretaceous formation No. 1 
that it will be important to present such facts as are known in regard to it. * * * 

The Cretaceous rocks of the Upper Missouri have been separated into five divisions upon lithological and paleon- 
tological grounds, and the sandstone formation at the mouth of Big Sioux and below forms the type of No. 1 ,^ Nos. 2 
and 3 are seen reposing upon No. 1 at the mouth of Big Sioux, and near the mouth of the Niobrara River No. 4 appears 
upon the summits of the blufb, surmounting No. 3. At the foot of the "Big Bend'' No. 3 passes beneath the water 
level of the river and is succeeded by No, 4, which occupies the country to Grand River, where No. 5 makes its appear- 
^ce on the summits of the hills. Near the mouth of the Cannonball River the Lignite Tertiary beds begin to overlap 
^e Cretaceous strata but do not entirely conceal them along the banks of the river until we reach "Square Buttes," 
*l>out 30 miles below Fort Clarke. From this point to Milk River in latitude 48°, longitude 106°, only the Miocene 
^8 of the Great Lignite basin are exposed. * ♦ ♦ The Tertiary beds continue uninterrupted until we reach 
*^® mouth of Milk River, where, by a reverse dip of the strata, the Cretaceous formation rises to the sur&ice from 
^^ieath the Tertiary. The Tertiary beds continue to overlap the Cretaceous, gradually thinning out upon the summits 
^ ^e ixiiig^ until we reach the mouth of the Muscle Shell River, where the Cretaceous bed No. 4 occupies the whole 
DQitT'^" ^® ^'^ ^^ ^^^ ^° ascending the Missouri the dip of the strata is northwest as far as Fort Union or some 
*/ ^ in |j[mt vicinity, and on reaching Milk River we can very distinctly observe the dip south or southeast, by which 
Uie underlying Cretaceous beds are exposed. We can also note the basin-like form in which both Tertiary and Cre- 
^igyCeous rocks were deposited. Passing the mouth of the Muscle Shell we soon observe a somewhat remarkable bed 
rising above the water level of the Missouri, near the mouth of Little Rocky Mountain Creek, which, from its litho- 
logical character and position, we have hitherto considered as belonging to formation No. 1. It first makes its appear- 
ance as a seam of carbonaceous grit, of a dull-reddish color, very light and loose, like ashes, about 1 foot in thickness, 
separating No. 4 from a bed of sandstone beneath. As we ascend the river a bed of sandstone rises rapidly above the 
water level, very variable in its lithological character. ♦ * * 

Thus far up the river we have observed no indications of disturbance of strata by subterranean influences, but 
on reaching a point about 5 miles above Grand Island a great thickness of rocks not before seen is uplifted so as to 
exhibit the beds, inclining at every angle from a horizontal to a vertical position. The beds are composed of variegated 
sands, clays, and earthy lignite, and some of them are fully charged with organic remains. * * * 

About 10 miles below the mouth of the Judith River the marine strata of No. 1 are seen to rise rapidly from beneath 
the estuary and fresh-water beds, and on reaching the mouth of the Judith we have the following vertical section of 
No. 1,* the estuary and fresh- water beds only capping the hills and soon ceasing to appear. 

It is evident that Hayden realized that the beds exposed along Missouri River from Little 
Rocky Mountain Creek west to Judith River are older than his No. 4 (now called Bearpaw). 
The stratigraphic succession between the mouth of Musselshell River and Judith River as given 
in the above quotation is — 

No. 4. 

Fresh and brackish water beds. 

No. 1. 

In 1875 Meek and Hayden announced independently (see p. 106) that the upper part of 
Hayden's No. 1 had been definitely correlated with the Fox Hills. In 1877 Cope * corroborated 

1 Hayden, F. V., Geological sketch of the estuary and fresh-water deposit of the badlands of the Judith, with some remarks upon the surround- 
fng formations: Am. Phik>s. Soc. Trans., new ser., vol. 11, pp. 126-130, 1860. 

* Nos. 1 to 5 correspond to Dakota, Benton, Niobrara, Pierre, and Fox Hills, respectively.— €. F. B. 

* The No. 1 of this paragraph refers to what are now called the Eagle and Claggett formatfons.— C. F. B. 

* Cope, E. D., Report on the geology of the region of the Judith River, Montana, and on vertebrate fossils obtained on or near the Missouri 
Rhrer; U. 8. Geol. and Oeog. Survey Terr. Bull., vol. 3, p. 568, 1877. 
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the succession established by Hayden, but divided Hayden's No. 1 into three formations. 
Discussing the section at the mouth of Judith River; Cope said: 

The ferruginous soft sandstone of the Fox Hills group is everywhere the line of demarkation between the black 
shales of No. 4 below and the Judith River beds above. 

and, in the preceding paragraph, 

A question remains as to the light-colored (buff or white) sandstone underlying No. 4. * * « Geographically 
considered it is approximately No. 3, since it occupies a region between that occupied by Nos. 4 and 5 and Fort 
Benton, where No. 2 is extensively exposed. 

With these changes and additions the above section becomes: 

6. "No. 4 "(Pierre shale). 
6. Judith River formation. 

4. "No. 5" (Fox Hills sandstone). 

3. "No. 4 "(Pierre shale). 

2. "No. 3" (?), sandstone tentatively referred to the Niobrara formation. 

1. "No. 2 "(Benton shale). 

Cope * recognized, however, that No. 4 at the mouth of Judith River does not agree in all 
respects with No. 4 exposed farther east on Missouri River. After discussing the underlying 
beds (now called Eagle) he says the characteristic overlying shale (Claggett) '^ is from 50 to 200 
feet in thickness in the region of the Judith River, while on the lower river [Missouri] * * * 
it exhibits a thickness of nearly 1,000 feet above the water level.'' 

Substituting Uthologic terms for names, the above section is as follows: 

6. Marine shale. 

5. Fresh-water formation. 

4. Marine sandstone. 

3. Marine shale. 

2. Marine sandstone. 

1. Marine shale. 

This is identically the same lithologic succession as that established on Missouri River in 1903 
by Stanton and Hatcher, and as that which occurs throughout the area described by the writer 
in the first part of this paper. Moreover, the work of Pepperberg * in 1908 and of the writer* 
in 1912 shows that the same succession occurs east of the Bearpaw Moimtains from Missouri 
River north to Milk River. 

It is thus evident that this succession of formations prevails over a large area in north- 
central Montana. In part of that area the normal sequence is undisturbed by faulting, so that 
the succession is established beyond question. This succession is shown in the following section, 
in which the Uthologic designations of the preceding section are replaced by the geologic names 
now applied by the United States Geological Survey to the formations: 

6. Bearpaw shale (marine). 

5. Judi^ River formation (fresh water). 

4. Claggett formation (marine sandstone member). 

3. Claggett formation (marine shale member). 

2. Eagle sandstone (principally marine). 
1. Colorado shale (marine). 

COBBELATION OF JUDITH BIVBB FORMATION ON HISSOUBI BIVEB WITH THE FOBKATION 
IMMEDIATELY XJNDEBLYINa THE BEARPAW SHALE FARTHER SOUTH. 

That the formations described by Hayden and Cope which occur at the mouth of Judith 
River are identical with those shown on the accompanying map (PI. X) has been shown in 
the discussion of the stratigraphy (pp. 96-103) . Two of these formations — the Claggett (including 
the so-called Fox Hills sandstone) and the Judith River — ^were traced continuously for more 
than 100 miles and were found to be exact equivalents of those at the mouth of Judith River. 

1 Op. cit., p. 566. 

> Pepperberg, L. J., The Milk River coal field, Montana: U. 8. GeoL Sarvey Bull. 381, pp. 83-107, 1910. 

s Bowen, C. F., The Cleveland ooal field, Blaine County, Montana: U. 8. Oeol. Survey Bull. 541, pp. 338^53, 1914. 
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Peale has also shown the continuity of the Claggett (called by him Pierre and Fox HiUs) from 
the mouth of Judith River southward to Deerfield and has recognized that the formations in 
the type area of the Judith River formation can be traced with certainty as far south as the 
North Moccasin Mountains, so that the correlation here made seems to be well established. 
Peale's statement ^ in this connection is as follows: 

The dark-colored ehales of the Pierre resting on these sandstones [Eagle, but called Belly River by Peale] form 
the sur&ce of the bench beginning several miles to the eastward of the coal mine [near Deerfield] and the road to Ken- 
dall passes over them, several good outcrops showing, especially to the north of the road, but they do not show on the 
Judith south of the mouth of Warm Spring Creek. However, the Pierre shales appear in the valley long before FuUerton 
is reached and at the latter place form the hhxffs on both sides of Judith River in typical exposures containing charac- 
teristic fossils. The entire thickness does not show at Fullerton , but there is here an exposure of at least 400 feet. The 
total thickness is probably from 600 to 900 feet. Immediately below the Judith River beds, which form the stmmiit 
of the blufis and the surface of the bench reaching to the eastward, there are from 50 to 100 feet of sandstone with Hahf- 
nunites major and the following inveflebrate fossils: Avicula ruhrascana E. and S., Tancredia amaioana M. and H., 
LunaUa gubarassa M. and H., Tellina ^ipiilateralU M. and H., and Mactra sp. These are identified by Dr. Stanton and 
referred by him to the Claggett, but it seems to me they are undoubtedly of Fox Hills age, the beds containing them 
resting on Pierre shales and being immediately followed above by the Judith River beds. « * * 

A short distance below Fullerton the first of three well-marked faults that occur south of Judith Landing crosses 

Judith River. The direction of this fsult is nearly east and west and the dip of the beds thrown down is quite steep 

(about 20^) toward the northwest. This outcrop, mainly of Fox Hills sandstone and a smaller part of Judith River 

^^^ds, is imderlain by Pierre shales, and above the faulted beds are Pierre shales capped by Fox Hills sandstones (con- 

'^ftiiung invertebrates and Halymenites major) which underlie the undisturbed Judith River beds, which have a very 

Blight inclination to the north or northwest. The lower slope of the hill back to the faulted beds is composed of Pierre 

^>^e8 capped with Fox Hills sandstones and overlying Judith River beds. This fault line was afterward crossed' 12 

^ee to the eastward, near the crossing of Dog Creek. The second fault line parallel to this one is exactly like the first, 

but the third one, a few miles south of Judith Landing, is a block ^ult of Fox Hills sandstone with a steep dip on the 

Bouthweet side. 

In order to establish further the correlation of the Judith River formation in Hayden's 
type area of that formation with the formation which the writer has mapped as Judith River 
in the area represented on Plate X, the following list of fossils is presented. This list shows 
the fossils collected from the Judith River formation in the type area and those collected east 
and south of T. 19 N., R. 19 E. 

Fossils collected from the Judith River formation. 



In Hayden's type area. 

Ostrea flubtngonalis £. and S. 

Corbicula cytherifonnis M. and H. 

Corbicula occidentalis M. and H. 

Gorbula subtrigonalis M. and H. 

Goniobasis convexa M. and H. 

Goniobasis invenusta M. and H. 

Goniobasis sublsevis M. and H. 

Goniobasis judithensis Stanton. 

Goniobasis gracilinta Meek. 

Goniobasis subtortuosa M. and H. 

Campeloma vetula M. and H. 

Sphftrium planum M. and H. 
Spluerium recticardinale M. and H. 
Anomia gryphorhynchus Meek. 
Unio danse M. and H. 
Unio piimsevus White. 
Physa copei White. 
Hyalina occidentalis M. and H. 
HyaHna evansi M. and H. 
Valvata montanaensis Meek. 
Viviparus conradi M. and H. 
Anodonta propatoris White. 



East and south of T. 19 N., R. 19 E. 

Ostrea subtrigonalis £. and S. 
Corbicula cythexiformis M. and H. 
Corbicula occidentalis M. and H. 
Corbula subtrigonalis M. and H. 



Goniobasis sublsvis M. and H. 



Goniobasis subtortuosa M. and H. 



Sphaerium sp. 

Anomia sp. 
Uniosp. 



Viviparus conradi M. and H. 
Anodonta propatoris White. 



1 Peale, A. C, On the stiatlgraphlc position and age of the Judith River formation: Jour. Qeology, vol. 20, pp. 542-543, 1912. 
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The list of fossils from the southern part of the field differs from the Missouri River list 
only in being less complete. A full collection from the southern area and a specific determination 
of all the forms would doubtless duplicate most if not all of those in the Missouri River list. 

In addition to this dupUcation of species there is at many places, both on Missouri River 
and in the southern part of the field, a bed of Ostrea subtrigonalis at the top of the Judith River 
formation. This Ostrea bed is perhaps the best index bed in the Judith River formation, as 
it occurs immediately beneath the Bearpaw shale. The widespread occurrence of this bed at 
the same geologic horizon is therefore of itself suflScient evidence to establish the correlation 
of the formation in which it occurs within a single basin of deposition, although it may not be 
sufficient to establish a correlation of beds in separate basins. 

It seems to the writer that the evidence presented in the foregoing discussion shows 
conclusively that the Judith River formation in the type area along Missouri River is the exact 
equivalent of the beds which inunediately underlie the Bearpaw shale in the adjacent areas 
north and south of Missoiui River, and therefore that the Judith River formation is of Montana 
age. This evidence may be briefly summarized as follows : 

1. The stratigraphic succession in the two areas is identical. 

2. The invertebrate fossils of the Judith River formation on Missouri River are identical 
with those in the formation underlying the Bearpaw shale farther south. 

3. The bed of Ostrea subtrigonalis which occurs at the top of the Judith River formation 
on the Missouri also occurs at many places at the top of the formation imderlying the Bearpaw 
shale in the area south of Missouri River. 

4. Two of the fonnations, the Claggett and Judith River, have been traced from Willow 
Creek, in the southern part of the area, to the mouth of Judith River and found to be the exact 
equivalents of the Judith River and underlying formations at that place. 

One question may still be raised, namely. May there not be two formations (Belly River 
and Judith River of Peale and some others) which in Hayden's " type area'' have been confused 
and included under one name ? As there has never been a complete detailed survey of Hayden's 
" type area,'' this question can not be unequivocally answered in the negative. If this confusion 
exists, Hayden's section (see p. 109) would need to be revised so as to show two fresh-water 
formations below his ''lignite Tertiary." Such a succession is hardly probable, however, as it 
is now well known that no such sequence of formations occurs either north or south of Hayden's 
''Judith River area." Furthermore, Stanton and Hatcher failed to find any such succession 
in that part of the "type area" which they examined in 1903. It is possible, however, that, 
owing to the highly disturbed condition of the strata, down-faulted blocks of the Lance formation 
may occur insome places in Hayden's " original area." If such blocks exist they are undoubtedly 
of small extent, and it is confidently believed that most if not all of the "estuarine deposits" 
described by Hayden belong, as indicated by him, to the same formation which he describes as 
capping the hills at the mouth of the Judith. This formation, as previously shown, is the 
equivalent of the Judith River formation on Willow Creek and there undoubtedly underlies the 
Bearpaw shale. (See PI. X.) 

PALBONTOLOGIC EVIDBNCB OF THE AGE OF THE JUDITH BIVEB FORMATION. 

As shown in the historical summary (pp. 104-110), the Judith River formation was 
regarded by the earlier geologists as overlying the Fox HiUs sandstone and was therefore sup- 
posed to be of late Cretaceous or early Tertiary age, notwithstanding the fact that the vertebrate 
remains were regarded as indicating a close relationship with the Cretaceous. 

The stratigraphic relation of the Judith River to the inclosing formations has been dis- 
cussed above. In the following pages the paleontologic evidence of the age of the Judith 
River formation is submitted. In this connection it is necessary to compare the fauna of 
the so-called Fox Hills sandstone of the Judith River area (the marine sandstone forming 
the upper part of the Claggett) with the faima of the imderlying Eagle sandstone, and also 
with that of the Fox Hills at its type locality, and to compare the faima of the Judith River 
formation with that of the Belly River formation on the one hand and with that of the Lance 
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formation on the other. The writer has therefore assembled as complete lists as possible of 
the fauna of these formations, which are presented in tabular form in order to facilitate 
comparison. But before proceeding with this comparison the paleobotanic evidence of the age 
of the Judith River formation is briefly considered. 

THE FLORA OF THE JUDITH RIVER FORMATION. 

Although stems and fragments of plants are common in the Judith River formation, well- 
preserved leaves which will serve for purposes of identification are extremely rare and have 
been obtained at only two localities — on Cow Creek near Missouri River, and on Willow Creek 
ftbout 10 miles north of Musselshell post office. Both collections were made by Stanton and 
Batcher in 1903 and were submitted to F. H. Knowlton for identification and determination 
^f age. Knowlton's descriptions and conclusions are published in Survey Bulletin 257, p^es 
^^9 to 168, and the final paragraph of his article is quoted here: 

FYt)in this review it appears that the flora of the Judith River beds that has thus far come to light shows very 
P ^^^ affinity with the true Laramie or the Fort Union but does exhibit an undoubted relation^p with that of the 
^^ta group or with the Cenomanian and Senonian of the Old World, or, in broad terms, with the lower and middle 
'^^^ons of the Upper Cretaceous. 

Knowlton's statements regarding the specimens collected on Cow Creek are rather guarded, 
and Peale ^ has ai^ed that the species represented by this collection is of Fort Union age. 
Knowlton's statement regarding this species is therefore quoted here in full: ' 

From the base of the Judith River beds, at a point on Cow Creek, about 13 miles above its mouth, Mr. Stanton 
has obtained about 15 specimens of small detached leaves or leaflets that I am not able to distinguish from this species 
[Trapa mierophylla]. While they are all smaller than the usual examples from the type locality (Point of Rocks, 
%o.), they agree well in shape and the marginal dentation, but imfortunately have not retained the nervation, or, 
At moflt, but slight traces of it. This species, or at least what has been so identified, has been figured by Dawson, 
in Tyrrell's collections from Bad Lands, Red Deer, and Rosebud rivers, and Pincher Creek, Canada, the age of which 
he regards as " Lower Laramie," and also a single doubtful example ''from the Upper Laramie of Great Valley." 

Prof. Ward found this species abundantly at Bums ranch, on lower Yellowstone River, Mont. , in beds supposed to be 

of Fort Union age, but, as 1 have shown in the *' Flora of the Montana formation, " I can not believe that these should be 

'•©/erred to T. mierophylla, for the reason that they are clearly compound leaves, rarely detached , whereas at the type 

iocality and at all the points mentioned by Dawson they are always separated and show no evidence of having been 

compQ^jjjj I found examples that are not to be distinguished, apparently, from the Bums ranch forms, on Wolver- 

'^® ^^'reek, in the Yellowstone National Park, in beds regarded as of tme Laramie age, and in 1896 Mr. Stanton and 

"myself found a large number of detached leaves in Converse County, Wyo., in clay beds in the lower portion of the 

'^^ Ltfuamie. It may be that my presumption of two forms being mixed under this name is not vaUd, but it is cer- 

^inly remarkable that at two localities they should always give evidence of being compound and at all the other 

^^^^^li^ties appear as detached leaves, with no indication of being compound, especially as the material is ample in 

^^^ oases. It must be confessed, however, that when dealing with isolated leaves or leaflets it is impossible to draw 

^y satisfactory line between them. 

This quotation shows that there is no doubt as to the Montana ^e of the plants from 
"pillow Creek, and that Elnowlton also favors the correlation of the species froin Cow Creek 
^tiK the Montana rather than the Fort Union flora. Peale,* in discussing the Willow Creek 
s^^tion, from which the leaves identified by Elnowlton were obtained, says that. the *' Belly 
^iv^^r beds [Judith River formation of this paper] pass conformably beneath the soft dark 
fifties of the Pierre," and ' ' there can be no doubt as to the Belly River age of these beds." There 
10 thus a xmanimity of opinion regarding the Belly River age of the formation exposed on Wil- 
low Creek. The writer has endeavored to show (pp. 101, 110-112) that this so-called Belly River 
formation (Judith River of this paper) on Willow Creek is the exact stratigraphic equivalent 
of the Judith River formation at the mouth of Judith River. The invertebrate fossils listed 
on page 111 bear similar evidence. The stratigraphic evidence and the evidence furnished by 
the fossil plants and invertebrates, therefore, point to the same conclusion, namely, that the 
Judith River formation is older than the Bearpaw shale and is of Montana age. 

» Jour. Geology, vol. 20, p. 739, 1912. 

« U. S. Geol. Survey Bull. 257, pp. 144-145, 1906. 

« Op. cit., p. 549. 
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INVERTEBRATES OF THE UPPER PART OP THE CLAGOETT FORBfATION (SO-CALLED POX HILLS OP 
THE JUDITH RIVER AREA) COMPARED WITH THOSE OP THE EAGLE SANDSTONE AND THE POX 
HILLS PROPER. 



The following table gives a complete list of invertebrates from the. Eagle sandstone and 
the sandstone member constituting the upper part of the Claggett at the mouth of Judith 
River; also a comprehensive list of Fox Hills fossils collected near the type locality in the 
Cheyenne and Standing Rock Indian reservations of North and South Dakota. 

Table 2. — Invertebrate fossils from the Eagle sandstone^ the upper part of the Claggett formation, and the type locality of 

the Fox Hills sandstone. 

NoTK.— References Indicated by figures in the table are as follows: ^ Calvert, W. R., and others, Geology of the Cheyenne and Standing 
Rock Indian reservations. North and South Dakota: U. S. Geol. Surrey Bull. 575, 1914. > Stanton, T. W., and Hatcher. J. B.. Geology ana 

S deontology of the Judith River beds: U. S. Geol. Survey Bull. 257, 1905. < Collected by C. F. Bowen. 1912. « Meek, F. B., U. S. G^l. and 
eog. Survey Terr. Bull., vol. 1, 2d ser., pp. 39, 40, 1875. » Meek, F. B., U. S. Geol. and Geog. Survey Terr. Final Repts., vol. 9, 1876. 



Anchura americana (E. and S.) 

Anomia micronema Meek 

Avicula linguiformis E. and S 

A vicula nebrascana E . and S 

Baculites ovatus Say 

Callista deweyi M. and H 

Gallista owenana M. and H 

Callista pellucida M. and H 

Cantharus vaughani M. and H 

Cardium speciosttm M. and H 

Cerithiopsis moreauensis M. and H 

Cinulia ooncinna M. and H 

Corbieula cytheriformis M. and H 

Corbicula oocidentalis M. and H 

Corbieula subelliptlca var. moreauensis M. and H. 

Cucullsea nebrasoensis Owen 

Cucullsa shumardi M. and H 

Cuspidaria ventricosa M. and H 

Cylu!hna volvaria M. and H , 

Dentalium gracile H. and M 

Entails paupercula M. and H 

Fasciolaria buccinoides M. and H , 

Fasciolaria (Piestochilus) culbertsoni M. and H. . . 
Fasciolaria (Piestochilus) scarboroughi E. and S. . 

Fusus (Serrifusus) dakotensis M. and H 

Gervillia subtortuosa M . and H 

Glycimeris occklentalis M. and H 

Goniomya americana M. and H 

Haminea minor M. and H , 

Inooeramuscripsii Mantell 

Inooeiamus pertenuis M. and H 

Leda (Yoldia) evansi M. and H 

Leda (Yoldia) scitula M. and H 

Limopsis striato-punctata E. and S 

Linearia? formosa M. and H 

Liop istha undata M. and H 

Lucina occidentalis Morton 

Lucina subundata H. and M 

Lunatia concinna H. and M 

Lunatia occidentalis M. and H 

Lunatia subcrassa M. and H 

Mactra alta M . and H 

Mactra formosa M. and H 

Mactra warrenana M. and H 

Martesis cun^ta M. and H 

Melania insculpta Meek 

Mytilus subarcuatus M. and H 

Nautilus dekayi Morton 

Nucula cancellata M. and H 

Nucula planimarginata M. and H 

OstTM glabra M. and H 

Ostrea pelluckla M. and H 

OstTM subalata Meek 

Ostrea subtrigonalis E. and 8 

Pholadomsra subventricosa M. and H 

Plaoentioeras whitfleldi 

Protocardia subquadrata E. and S 

Pyrifusus newberryi M. and H 

Pyropsis balrdii B^ and H 

Scaphites oheyennensis Owen , 

Scaphites conradi Morton. 

Scaphites hippocrepis DeKay 

Scaphites mandanensis Morton 

Scaphites nicoUeti Morton 

Scaphites abyssinus Morton 

Sphspriola endotrachvs Meek 

Sphenodiscus lenticularis Owen 

Spironema tenuilineata M. and H 



Eat^le 
sandstone. 



Upper part 
oiClaixett 
formatbn. 



X 
X 
X 
X 



(?) 



X 
X 



It 
I 



X 



X 



tl 



x«»» 



FoxHiUs 
sandstone. 



X« 
X« 
X*» 



X* 



X«^ 
X 



t5 



>6 



X 
X 
X 



SS4 



s» 



X 1 
X 1 
X 1 
X »< 



1 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



X » 
X » 



X »< 

x» 

X I 
X » 



X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 
X 
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1 « 

I 4 

I 
1 
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X * 

x» 

X I 



X 1 
XI 
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Table 2. — Invertebrate fossils from the Eagle sandstoru, the upper part of the Claggett formation y and the type locality of 

the Fox Hills sandstone — Continued. 



Tancredia amerfcana IC. and H 

TellinaequJlateraUs M. and H 

Tellina montanaensls 

Tellina scitula M. and H 

Thetis (?) circiilaris M. and H 

Thncia gracilis M. and H 

Thnclaproutl M. and H 

Thracia snbtortuoaa M. and H 

ToxTiscontortusM. andH 

Vanikoro ambigna M. and H 

VanJkoropsis tuomeyana M. and H . 



Eagle 
sandstone. 



X« 



X 



Upper part 
ofClagkett 
formation. 



Xi«6 
X»»» 



X» 
X»» 
X» 
X» 



SBft 



Fox HOIS 
sandstone. 



Xift 



XI 



XI 
X» 



In order to facilitate the interpretation of this table it is summarized in the table below, 
which gives all the forms that occur in more than one of the formations under discussion. 

Table 3. — Formes common to two or more of the formations represented in Table i. 



Eagle sandstone. 



Avicala lingaiformis. 
Avicala nebraaeana. . 

Baculites ovatus 

Callistadeweyi(r)... 
Cardioni speciosum. . 
Lanatia saberassa . . . 

Mactraalta 

Ifactra formosa 

Naatihis dekayi 



Tbetiseiicalaris. 



Upper part of the Claggett formation. 



Avicula nebrascana. 
Baculites ovatus. 



Cardium speciosum. 
Lunatia subcrassa. . 

Mactraalta 

Mactra formosa 



Tancredia americana. 
Thetis circularis. 



Fox Hills sandstone. 



Avicula linguiformls. 
Avicula nebrascana. 

Callista deweyL 
Cardhim speciosum. 
Lunatia subcrassa. 
Mactra alta. 
Mactr& formosa. 
Nautilus dekayi. 
Tancredia americana. 



This table shows that there are more species common to the Eagle and Fox Hills in its 
type locality than to the sandstone in the upper part of the Cla^ett (so-called Fox Hills) and 
the Fox Hills proper. It also shows that with one exception {Tancredia americana) every 
species conmion to the Claggett and Fox Hills also occurs in the Eagle. Only four specifically 
determined forms occurring in the Eagle are not foimd in the higher formations and 12 specifi- 
cally determined forms foimd in the Claggett are not found in the Fox Hills. The tables 
seem to indicate a closer relationship between the faunas of the sandstone division of the Clag- 
gett (so-called Fox Hills) and the Eagle than between the former and the Fox Hills proper. 
They also show that the fauna of the Fox Hills, while related to that of the two older forma- 
tions, is more diversified, just as the fauna of the Bearpaw shale is related to that of the shales 
of the Claggett formation but more diversified. From the paleontologic evidence there seems to 
be no basis for assigning the marine sandstone in the upi>er part of the Claggett formation to 
the Fox Hills sandstone, and therefore one of the principal arguments for assigning the Judith 
River formation to a position at the top of the Cretaceous or base of the Tertiary — namely, that 
it overlies the Fox HiUs sandstone — Closes its force. As shown on preceding pages the strati- 
graphic evidence is conclusive that the Judith River formation is much older than the Fox 
Hills as represented at its type locaUty. 

IXVEKTEBKATES OP THE JUDITH RIVER EORMATION CX)MPARED WrPH THOSE OP THE BELLY RIVER 

AND LANCE PORMATIONS. 



A comparison of the invertebrates from the Belly River and Judith River formations 
with those from the Lance formation of Hell Creek, Mont., and Converse Coimty, Wyo., is given 
ia the following table. This list has been compiled from the lists published by Hayden and 
Stanton and from the collections made by the writer and his assistants in 1912. 



116 



SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914. 



Table 4.— Invertebrate fossils from the Belly River and Judith River formations and the Lance formation of Hell Creek, 

Mont., and Converse County, Wyo. 

References indicated by figures in the table are as follows: i Stanton. T. W., XJ. 8. Qeol. Survey Bull. 257, pp. 104-119, 1005. < Stanton, T. W., 
Washington Acad. Sci. Proc., vol. 11, pp. 243-247, 1909. » Collectod by C. F. Bowen, 1912. < Hayden, F. V., Am. Phllos. Soc. Trans., vol. 11, p. 
132, 1860. 



Anodonta parallela White 

Anodonta propatoris White 

Anomia gnrphorhynchus Meek 

Anomia micronema Meek 

Avicula nebrascona E. and S 

Bulinus atavus White 

Bulinus rhomboideus M. and H 

Bulinus subelongatus M. and H 

Campeloma muliiUneata M. and H 

Campeloma producta White 

Campetoma vetols M. and H 

Cassfopella turricula White 

C<H-bicula C3rtheriformis M. and H 

Corbicula occidoitalis M. and H 

Corbicula subelliptica M. and H 

Corbula perundata M. and H 

Corbula subtrieonalis M. and H 

Crenella parvuLft Wliiteaves 

Ooniobasis oonvexa M . and H 

0<miobasis oonvexa var. Impressa M. and H 

Goniobasis gracilenta Meek 

Ooniobasis mvenusta M. and H 

Goniobasis Judithensis n. sp 

Goniobasis (?) omitta M. and H 

Goniobasis subUevis M. and H 

Ooniobasis subtortuosa M. and H. 

Ooniobasis tenuicarinata M. and H 

Helix ocoldentalis 

Helix vetusta M. and H 

Helix vitrinoides 

Hyalina (?) evansl M. and H 

Hyalina (7) oocidentalis M. and H 

Hydrobia suboonica Meek 

Hvdrobia suboylindracea Whiteaves 

Liopistha (Cymella) undata M. and H 

Mactra rCymbophora) alta M. and H 

Maotra (Cymbophora; warroiana M. and H 

Melania whiteavesl n. sp 

Mytilus subarcuatus M. and H 

Ostrea glabra M. and H 

Ostrea subtrigonalis E. and S 

Panopaea simulatrlx Whiteaves 

Physa copei White 

Physa subeloneata 

Planorbis (Batnyomphalus) amplexus M. and H. 

Planorbis paucivolvis Whiteaves 

Planorbis tenuivolvls 

Rhytophorus (7) glaber Whiteaves 

Sphffirium fonnosum M. and H 

SphsBflum planum M. and H 

Spha^rium recticardinale M. and H 

Tnaumastus limnsiformis M. and II 

Tulotoma thompsonl White 

Unto aisopiformis Whitfield 

Unto aldnchi White 

Unto biesopoides Whitfield 

Unio brachyqpisthus White 

Unto browni Whitfield 

Unio oonsuetus Whiteaves 

Unio oorbicutoides Wbitfield 

Unio couesl White 

Unio cjyptorhynchus White 

Uniocylindriooides Whitfield 

Unio danee M. and H 

Unio endlichi White 

Unto gibbosoides Whitfield 

Unio holmsianus White 

Unio letsoni Whitfield 

Unio percomigata Whitfield 

Unio postbiplfcata Whitfield 

Unto primasvus White 

Unio priscus M. and H 

Unio priscus var. abbreviatus n. var 

Unio proavitus White 

Unio pyramidatoides Whitfield 

Unio pyramidellus 

Unio retusoides Whitfield 

Unio senectus White 

Unio stantoni (danaj) White 

Unio subspatulatus M. and H 

Unio subtrigonalis Whitfield 

Unio supenawensis n. sp 

Unio supragibbosus Whitwtves 

Unio verrucosiformis Whitfield 

VflJvata montanaensis Meek 

Vitrina obliqua M. and II 

Viviparus conradi M. and H 

Vlvipanis plicapressus White 



BeUy 

River 

formation. 



X 
X 
X 
X 
X 
X 



»7 

1 

1 

1 

1 



X 
X 
X 



X 
X 



X 
X 
X 
X 



X 
X 



X 
X 



x» 
x» 



X 



XI? 



X 
X 
X 
X 
X 
X 



1 
1 
t 

1 * 



X 
X 



X 
X 
X 
X 
X 



Judith 

River 

formation. 



X» 
X» 
X» 



1 



X» 

x» 



x» 

x» 
x» 



x» 



X 
X 



1 s 

1 B 



x»» 

Xi» 



X 
X 
X 
X 
X 
X 
X 
X 



1 a 

1 
1 
I 



1 * 
1 a 



X 
X 
X 
X 
X 
X 



x» 



X 
X 
X 
X 
X 
X 
X 
X 
X 



»? 

1 

1? 

I 
I 
1 
1 



1 4 



X 
X 



1 a 
1 



X»7 



Lance 
formation. 



XH4 



Xi» 
X» 



X»<? 



X 
X 
X 



1 

1 4 
1 8 



x» 



X 
X 
X 
X 



X 
X 



X>7 



XI 

x> 



X 
X 
X 
X 
X 
X 
X 



s 
t 
s 

IS 

I 
s 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



s 
1 
s 
t 

I? 

s 

s 
t 
t 
s 
t 



X 
X 
X 
X 



1 

s 
t 



X« 



This table is siunmarized in the following complete list of the forms common to two or more 
of the formations involved: 
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Table 6. — Forms which occur in more than one of the formations represented in Table 4. 



Belly RiTer fonnation. 



Aiuxkmta i)arallela White 

A]io<toiita propatoris White 

Anomia gryphorhyncbus Meek 

Anomia microiiema Meek 

Bulinus atavus W^hlte 

Campeloiiia multilineata M. and H . 

Campeloma producta White 

Campeloma vetula M. and H 

Corbicula cythorlformis M. and H . . 

Corbicula oocidentalls M. and H 

Corbola jierundata M. and H 

Corbula subtrlgonalis M. and H 

Gonjobasis convexa M. and H 

Goniobasis invenusta M. and H 

Goniohasfe Juditbensis n. sp 

Gonjobasis subUeyis M. and H 

Goniobasis subtortuosa M. and H. . 



Hyalina (7) evansl M. and H 

Hyalina (7) oocidentalls M. and H. 

Melania wtaiteavesi n. sp 

Mytilus subarcuatus M. and H 

Ostrea glabra M. and H 

Ostrea subtrigonalls £. and S 

Panopsa simalatrix Whiteaves. . . 
Pbysa oopei White. 



Planorbis (Bathyomphali]s)ampIexu8 M. and H. 

Sphsriom planum M. and a. 

Spluerium recticardlnale M. and H 

Tnanmastus llnuuBlIormis M. and H 

Unio oonsuetus Whiteaves 



Unio dansB M. and H 

Unio primagvus White 

Unio priscus M. and H 

Unio senectus White 

Unio subspatulatus M. and H . 
Vivipanis coniadl M. and H. . 



Judith River formation. 



Anodonta propatoris White 

Anomia gryphorhyncbus Meek. 

Anomia micronema Meek 

Bulinus atavus White 



Campeloma vetula M. and H 

Corbicula cytheriformls M. and H 

Corbicula oocidentalls M. and H 

Corbula perundata M. and H 

Corbula subtrigonalls M. and H 

Goniobasis oonvexa M. and H 

Goniobasis invenusta M. and H 

Goniobasis juditbensis n. sp 

Goniobasis sublsevls M. and H 

Goniobasis subtortuosa M. and H 

Helix vetusta M. and H 

Hyalina (?) evansi 

Hyalioa (?) oocidentalls M. and H 

Melanla whiteavesi n. sp 

Mytilus subarcuatus M. and H 

Ostrea glabra M. and H 

Ostrea subtrigonalls £. and 8 

Panopea simulatrix Whiteaves 

Physa copei White 

Planorbis (Bathyomphalus)amplexus M. and H. 

Spluerium planum M. and H 

Sphierlum recticardlnale M. and H 



Unio oonsuetus Whiteaves 

Unio cryptorhynchus White. . 

Unio diuuB M. andH 

Unio primsvus White 

Unio priscus M. and H 

Unio senectus White 

Unio subspatulatus M. and H . 
Vivipanis conradi M. and H . . 



Lance formation. 



Anodonta parallela White. 



Campeloma multilineata M. and H. 
Campeloma producta White. 
Campeloma vetula M. and H. 

Corbicula oocidentalls M. and H. 



Helix vetusta M. and H. 



Ostrea glabra M. and H. 
Ostrea subtrigonalls E. and S. 

Pbysa copei White. 

Sphnrium planum M. and H. 

Thaumastus limnflelformis M. and H. 

Unio crjnptorhynchus White. 
Unio dans M. and H. (7). 



This summary shows that of 88 forms listed in the preceding tahle 19 genera and 38 species 
occur in two or more of the formations involved. Of these 38 species only 2 occur in the 
Judith River and Lance which do not also occur in the Belly River and 4 species occur in the 
Belly River and Lance but not in the Judith River. There are 32 species common to the Judith 
River and Belly River, 9 common to the Judith River and Lance, and 7 common to all three 
formations. Although it is generally conceded that fresh and brackish water invertebrates are 
of less value than marine invertebrates for the determination of age and correlation of forma- 
tions, except in local basins, the large number of forms common to the Judith River and Belly 
River as contrasted with those common to the Judith River and the Lance seems to be signifi- 
cant, and if the fresh-water forms have any weight whatever they certainly favor the correlation 
of the Judith River and Belly River rather than that of the Judith River and the Lance, and 
therefore they tend to estabUsh the Cretaceous age of the Judith River formation. 

VERTEBRATES OP THE JUDFTH RIVER FORMATION COMPARED WITH THOSE OP THE BELLY RIVER 

AND LANCE FORMATIONS. 

In Table 6 is presented a complete list of vertebrates from the Belly River formation; the 
Judith River formation; the Lance formation of Hell Creek, Mont., Converse County, Wyo.,^ and 
ad j acen t localities ; the Denver and Arapahoe formations of the Denver Basin ; and the ' ' Laramie ' ' 
formation of Black Buttes, Wyo. A similar but less comprehensive table was published by 
Osbom,* and most of the Uterature and determinations hav e been reviewed by Hatcher * and Hay.* 

These publications have served as a basis for the present compilation, though the writer has 
examined also most of the original descriptions and for doubtful species practically all the Utera- 
ture available. The table gives the name of the species, the formations in which it is reported 
to have been found, the finder and date (where known), the location at which each specimen has 
been found, the material on which each determination is based, the authority and reference for 
the determination, and a column of remarks in which is given mainly a synopsis of the views 
of the authorities who have reviewed and criticized the original determinations and the mate- 
rial on which those determinations were based. 

1 ConTerM County has been subdivided and the areas referred to in the table are now in Niobrara County. 

* Osbom, H. F., Distinctive characters of the mid-Cretaoeous fauna: Contr. Canadian Paleontology, vol. 3, pt. 2, pp. 11-15, 19Q2. 

* Hatcher, J. B., Geology and paleontology of the Judith River beds: U. S. Oeol. Survey Bull. 257, pp. 67-103, 1905; The Ceratopsia: V. S. 
Oeol. Stinrey Hon. 49, 1907. 

* Hay, O. P., The fossil turtles of North America: Carnegie Inst. Washington Pub. 75, 1906. 
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SHOBTEB CONTBIBUTIONS TO GENEBAL GEOLOGY, 1914. 

Table 6. — Geologic (Httributum of vertebrates in the BeUy River, Judith River, Lance 
(The mimbcn 1 to 6 med In the last six wihimns oorrespond to the nombcrs printed in heavy type over 





1 


2 


8 


4 


5 


6 






OpedM. 


BeUy 
River for- 
mation. 


Jadith 
River for- 
mation. 


"HeU 
Creek 
beds" 
(Lanoe 
lorma* 
tlon), 
Montana. 


Lanoe 

for- 
mation, 

Wy. 
oming. 


"Lara- 
mie'' for- 
mation. 

Black 
Buttee, 

Wy. 
oming. 


Denver 
and Arap- 
ahoe for. 
matfonsy 
Coforado. 


Finder. 


Date. 


nscBs. 


















AdPtnser alberten^i? I^^mMf) 


tx 


X 




X 






It Lamlw 


L 1901 










2. Not given. 
4. Not given. 




Cantodns (1lhitiea«tes) eniciferas Ck>pe. 


X 


tx 










1 . lAmb^ 


• 

1. 1001 






1 




2. Sternberg. 




Ithlnflastefi up- Indet 






X 












Ceratodns hJeroelvphos Cope 




tx 










Not given 






tx 


X 




X 






1 T/ambe . 


1901 


Dtohyodns sp 






X 












Hedionchus stembergii Cope 




X 










Sternberg 




Lepisosteos (Lepidotus) oocidentaUs 
Leidy. 


X 


tx 


X 


X 




X 


1. Lambe 


1. 1901 




2. Hayden. 




>• 

LefiisoBteos (Lepidotus) haydenl Leidy 
Mvledf^p^Yi? htiHiit(tii<i Cope . 




tx 




• 






Hay den 




X 


tx 




X 






1. Sternberg 












2,4. Hatcher. 
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{**Hell Creek beds" and " Ceratops beds"), and Denver and Arapahoe formations. 
Um locality oolomns. The letter t indicates that the observation relates to the type of the species.] 



Locality and stratigraphic po- 
sition as given by the authors 
cited. 



tl. Red Deer River district, 
Canada. 

2. Judith River formation [lo- 
cality not given]. 

4. Laramie formation, CkmvaM 
County, Wyo. 



1. Belly River series, Red Deer 
' River, Alberta. 

2. Fort Union beds, Montana. 



Hell Creek beds, Montana. 



t. Fort Union beds, Montana. 



tl. Belly River series, Red 
Deer River, Alberta. 

2. Judith Rhrer beds, Mon- 
tana. 

4. Laramie deposits. Converse 
County, wyo. 

Hell Creek beds, Montana. 



Fort Union beds, Montana. 



1. Belly River series, badlands, 
Red Deer River, Alberta. 

t2. Badlands of Judith River, 
Montana. 

3. Hell Creek, Mont. 

4. Comverse County, Wyo. 

6. Ceratops beds near Denver, 
Colo. 






t. Badlands of Judith River, 
Mont. 



1. Belly Riverseries, Red Deer 

River, Alberta. 
t2. Fort Union beds, Montana. 
4. Laramie of Converse County, 

Wyo. 



Material on which determina- 
tion is based. 



tl. Strongly keeled dermal 

shield. 
2. Similar ossifications. 
4. Not given. 



1. A number of fragments of 

cranial bones. 
12. A basal and dentigerous 

lamina. 



Not given. 



t. A dentigerous plate. 



tl. A jaw with numerous 

teeth scars. 
2. Fragments of similar iaws. 
4. Fragments of similar jaws. 



Not given. 

Founded on the crown of a 
young tooth. 



1. Numerous scales. 

t2. Type founded on 5 speci- 
mens of thick lozenge- 
shaped scales. 

3. Not given. 

4. Numerous scutes associated 

with opisthocoBlous verte- 
brae, 
ft. Not given. 



t. Founded on a single speci- 
men of a thtek oblong 
square scale. 

1. Represented by many de- 
tached and isolated teeth. 

t2. Type founded on detached 
and isolated teeth. 

4. Similar teeth. 



Authority and reference. 



tl. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 
p. 29, 1902. 

2. Hatcher,U. S. (JeoL Survey 

BuU. 257, p. 60, 1905. 
4. Hatcher, ioc. cit. Willis- 
ton. Science, new ser., vol. 
16, p. 052, igiQ2. 

1. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 
p. 29, 1902. 

t2. Cope, Acad. Nat. Sci. Phil- 
adelphia Proc., vol. 28, p. 
259, 1876; U. S. Oeol. and 
Oeog. Survey Terr. BuU. 
3, p. 574, 1877. 

3. Hatcher, U.S. Oeol. Survey 

Bull. 257, p. 68, 1905. 



I 



Brown. Am. Mus. Nat. Hist. 
Bull., vol. 23, p. 842, 1907. 

t. Cope, Acad. Nat. ScL Phila- 
delphia Proc., vol. 28, p. 
260, 1876. Hatcher, U. S. 
Oeol. Survey Bull. 257, p. 
68,1905. 

tl. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 
p. 30, 1902. 

2, 4. Hatcher, U. S. Oeol. Sur- 
vey BuU. 257, p. 69, 1905. 



Brown, Am. Mus. Nat. Hist. 
Bull., vol. 23, p. 842, 1907. 

Cope, Acad. Nat. ScL Phila- 
delphia Proc., vol. 28, p. 
258, 1876. Hatcher, U. S. 
Oeol. Survey BuU. 257, p. 
60,1906. 

1. Lambe, Contr. Canadian 

Paleontology, vol. 3, pt. 2, 

n. 29, 1902. 
t2. Leidy, Acad. Nat. Sci. 

Philadetohia Proc., vol. 8, 

p. 73, 1856. 

3. Brown, Am. Mus. Nat. 

Hist. BuU., vol. 23, p. 842, 
1907. 

4. Williston, Science, new ser., 

vol. 16j[>. 053, 1902. 
6. Marsh, if. S. Oeol. Survey 
Mon.^, p. 527, 1896. 

t. Leldv. Acad. Nat. ScL Phil- 
adelphia Proc., vol. 8, p. 
73,1856. 

1. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 
n. 28, 1902. 

t2. Cope, Acad. Nat. ScL Phfl- 
aoelphia Proc., vol. 28, p. 
260, 1876. 

4. Hatcher, U. S. OeoL Survey 
BuU. 257, p. 68, 1905: Wil- 
liston, Science, new ser., 
vol. 16, p. 953, 1902. 



Remarks. 



2, 4. Of this and the 7 species which foUow. 
Hatcher (op. cit., p. 67) says: "They are at 
present Imown from such insufficient mate- 
rial as to render them of little value for pur- 
poses of correlation." Hatcher says ossifi- 
cations similar to the type material firom 
Canada are common in the Judith River 
formation and in the Laramie (Laoce for- 
mation) of Converse County, Wyo. 

2. Althoni^ Cope gives the locaUty and horiaon 
as Fort Union, Mont., the horizon is Judith 
River. Cope at that time was using Fort 
Union in the same broad sense that was 
given to Laramie. On page 263 of the 
Acapd. Nat. ScL Phfladelphia Proc.. voL 28, 
he uses the expressfon "Fort Umon bad- 
luids of the Judith River," and on pages 
512-^74 of U. S. OeoL and Oeog. Survey 
Terr. BuU. 3 he gives a list of fossils from 
the Judith River formations, which in- 
cludes aU but one of the species descrft)ed in 
the article in the Academy Proceedings. 
He therefore used the terms Judith River 
formation and Fort Union formation indis- 
criminately when referring to the Judith 
River area. (See also remarks on Aei- 
penter alberUfUia.) 

See remarks on Aeipetuer albertentit. 



See remarks on Aeipetuer alberteiuit and Omi- 
todut eruei/enu. 



2, 4. Referring to the tvpe material. Hatcher 
says: "Fragments of similar jaws are found 
both in the Judith River beds and in the 
Lcuamie of Converse County." (See also 
remarks on Aeipenter alberteruU.) 



See remarks on Aeipetuer albertetuia and Oeror 
todue erue^enu. 



See remarks on Aeipetuer albertetuia. 



Cope (U. S. OeoL and Oeog. Survey Terr. BuU. 
3, p. 574, 1877) makes L. oeddenlalia and L. 
hafdeni synonymous. 

2. Oiven also in list from Judith River forma- 
tion. Cope, U. S. Oeol. and Qtog. Survey 
Terr. BuU. 3, p. 574, 1877. Hatcher (U. S. 
(Jeol. Survey BulL 257, p. 68) says: "It 
would be impossible to identify eithw gen- 
era or species from teeth of such simple 
form." 
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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914. 



Table 6.— Geologic (Kstrilmtion of vertebrates in the Belly River ^ Judith River ^ Lance 



Species. 



PISCES— continued. 
Plataoodon nanus Marsh 



Lamna sp 

AMPHIBIA. 

Hemitrypus Jordanianus Cope. 



Scapherpeton tectum Coi>e. 



Scapherpeton latioolle Coi>e. 



2 



Belly Judith 
River for- River for- 
mation, mation. 



ScapheriMton excisum Cope > tx 



8capheri>eton favosum Coi>e tx 



PLESIOSAUBIA. 

Cimoliasaurus magnus Leidy. 



Ischyrosaurus (Ischyrotherium) anti- 
quum Leidy. 



Uronautes cetiformis. 



tx 



tx 



3 

"Hell 
Creek 
beds" 
(Lance 
forma- 
tion), 
Montana. 



Lance 

for- 
mation, 

Wy- 
oming. 



tX(?) 



tx 



"Lara- 
mie " for- 
mation. 

Black 
Buttes, 

Wy- 
ommg. 



6 



Denver 
and Arap- 
ahoe for- 
mations, 
Colorado. 



Finder. 



Hatcher 



Brown 



Not given. 



1. Lambe. 2, 3, 4, not 
given. 



Date. 



1. 1901 



Lambe. 



2. Stanton and Hatch- 
er. 
4. Hatcher, 
t. Hayden. 



Coi>e. 



1901. 



2. 1903 
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{**HeU Creek beds" and **Cer€Uops beds")^ and Denver and Arapahoe formations— Continuod. 



Locality and stratigraphic po- 
sition as given by the authors 
cit«d. 



t. Laramie of Convene County, 
Wyo. 



HeQ Creek beds, Montana. 



Judith River beds, Montana. 



1. Belly River series. Red 
Deer River, Canada, be- 
tween Beny Creek and 
Dead Lod^e Canyon. 

t2. Judith River beds, Mon- 
tana. 

3. Hell Ct^eek beds, Montana. 

4. Laramie of Converse Coun- 

ty, Wyo. 



t. Judith River beds, Montana. 



t. Judith Riverbeds, Montana. 



t. Judith River beds, Montana. 



Belly River series, below Berry 
Creek on Red De«r River, 
Alberta. 



2. Judith River beds. Cow 
Ci«ek 6 or 7 miles above 
its mouth, Montana. 

I. Laramie of Wyoming. 
[Found with mammals and 
reptiles described by 
Marsh, probably all from 
Converse County, though 
no exact locality is given.] 

t. Between Grand and M< 
rivers, 8. Dak. 



Lorean 



Near Armells Creek, Judith 
River district, Mont. 



Material on whidi determina- 
tion is based. 



t. Detached teeth, two dental 

fflates with teeth in posl- 
ion. 



Not given. 



A single vertebra. 



1. Several trunk vertebrsB and 
atlases. 

t2. Tyi)e founded on a single 
vertebra; this was aooom- 
panied by a fragment 
which resembles the artic- 
ular portion of the mandi- 
ble. 

3. Not given. 

4. Numerous vertebrse and 

fragments of the mandible. 

t. Founded on an atlas and 
several dorsal vertebree of 
different individuals; ver- 
tebree may belong to 8. 
tectum. 

t. Species founded on scat- 
tered vertebrs firom three 
Individuals of different 
sizes. 



t. Species founded on a single 
vertebra. 



Fourteen cervical vertebrae, 
probably belonging to one 
individual. 



2. A number of vertebial cen- 

tia. 
4. Several vertebne. 



Cervical, dorsal, and caudal 
vertebrae and portions of 
limb and rib bones. 



Authority and reference. 



Marsh, Am. Jour. Sd., 3d ser., 
vol. 38, p. 178, 1889. 
Hatcher, Science, new ser. , 
vol. 12, p. 719, 1900; Carne- 
gie Mus. Annals, vol. 1, p. 
128, 1901. 

Brown, Am. Mus. Nat. Hist. 
BuJL, vol. 23, p. 842, 1907. 



Cope, Acad. Nat Sci. Phila- 
delphia Proc., vol. 28, p. 
358,1876. Hatcher, U.S. 
Oeol. Survey Bull. 257, p. 
71, 1905. 

1. Lambe, Contr. Canadian 

Paleontology, vol. 3, pt. 2, 

p. 31, 1902. 
t2. Cope, Acad. Nat Sci. Phil- 

adelphia Proc., vol. 28, p. 

355,1876. 

3. Brown, Am. Mus. Nat. 

Hist Bull., vol. 23, p. 823, 
1907. 

4. Williston, Science, new ser., 

vol. 16. pp. 952-053, 1902. 

t. Cope, Acad. Nat. Sci. Phila- 
delphia Proc., vol. 28, p. 
356, 1876. Hatcher, U. S. 
QeoL Survey Bull. 257, p. 
70, 1905. 

t Cope, Acad. Nat Sci. Phila- 
delphia Proc., voL 28, p. 
357,1876. Hatcher, U.S. 
Qeol. Survey Bull. 257, p. 
70,1905. 

t. Cope, Acad. Nat. ScL Philar 
delphia Proc., voL 28, p. 
357,1876. Hatcher, U.S. 
OeoL Survey Bull. 257, p. 
70,1905. 



Lambe, Contr. Canadian Pa- 
leontology, vol. 3, pt. 2, p. 
32, 1902. 



2. Hatcher, U. S. OeoL Sui- 
vey Bull. 257, p. 72, 1905. 

4. Marsh, Am. Jour. Sci., 3d 
ser., voL 38, p. 83, 1889. 



Cope, Acad. Nat. Sci., Phila- 
delphia Proc., vol. 28, p. 
346, 1876. 



Remarks. 



When first described by Marsh this animal was 
regarded as a mammal. The finding of 
more complete remains enabled Hatdier to 
determine its true relationship. 



Distinguished from Scapherpeton by the posi 
tion of the foramen choraae dorsalis. 



The tjrpe of this species is founded on vertebrse 
from the greoisands of New Jersey de- 
scribed by Leidy in 1853. Hatcher O^.S. 
OeoL Survey Bull. 267, p. 71) says: "It la 
not improbable that I^ambe's material be- 
longs to a different genus and specin." 

2. Hatcher savs the material is so incomplete 
that the aetermination is uncertain. Hie 
type specimen was found bv Hayden in 
South Dakota between Grand and Moreau 
rivers ttom an "outlier of the gieat lignite 
beds. ' ' Hatcher says the horixon was more 
nearly that of the Fox HUla or Pierre. 



Cope regards the horium as Fox Hills, but his 
Fox Hills would be the upper part of the 
Claggett formation. Hatcher says that the 
specimen came either from the top of the 
Claggett or froia the base of the Judith 
River. 
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Table 6. — Geologic (Hstribution of vertebrates in the Belly River, Judith River j Lance 



Species. 



CHELONIA. 

Adocus (CompsMiiys) lineolatus Cope.. 



N^irankylus eximius Lambe. 



BasUemvs (Compeemys) Imbrfoarla 
(Cope). 



Basilemys (Compsemys) variolosa 
(Cope). 



Basilemys (Compsemys) ogmius (Cope). 



Basilemys sinuosa Riggs. 



Baena antiqua Lambe . 



Baena callosa Lambe . 



BeUy 

River for^ 

mation. 



tx 



tx 



tx 



Baena hatcheri Hay . 



Baena marshl Hay. 



Boremys pulchra Lambe. 



tx 



Judith 
River for- 
mation. 



tx 



tx 



tx 



3 

"HeU 
Creek 
beds"- 
fLance 
iMina- 
tion), 
Montana. 



Lanoe 

for- 
mation, 

Wy- 
oming. 



"Lara- 
mie "for- 
mation. 

Black 
Buttes, 

Wy- 
oming. 



6 



Denver 
and Arap- 
ahoe for- 
mations, 
Colorado. 



tx 



tx 



Finder. 



tX(?) 



1. Lambe... 

2. Sternberg. 

3. Brown. 

4. Isaacs. 
6. Cope. 



Lambe. 



Sternberg 



1. Lambe 

2. Sternberg. 



t. Dawson. 



3. Brown 
t. Riggs. 



U. Lambe 



t. Hatcher. 



t. Hatcher. 



t. Hatcher 



t. Lambe 



Date. 



1. 1901. 

2. 1876. 
4. 1877. 



1901. 



1876. 



1. 1901 . 

2. 1876. 



1873-74 



t. 1905. 



1. 1901 



1903. 



1900. 



1889. 



1901. 
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(*^*Hell Creek beds" and '^Ceratopg beds"), and Denver and Arapahoe formations — Continued. 



Locality and stratigraphlc po- 
sitjon as given by the aatnors 
cited. 



1. Belly Riv'tr series. Red Deer 

River, Alberta. 

2. Judith River fonnation, 

Montana. 

3. Hell Creek, Mont. 

4. LaramieofConvcraeCounty, 

Wyo. 
to. Ll^iite beds of Colorado 
[Cross (U. 8. Oeol. Survey 
Mon. 27, p. 244) Eives the 
horison as probably Arap- 
ahoe. In a personal com- 
mnnication to the vnriter 
O. B. Richardson says: 
*<No vertebrate remains 
are known to occur in the 
Tjt wtmiA of the Denver 
Basin." Cross's interpro> 
tation of the horison is 
therefore probably right.] 

t. Belly River series. Red 
Deer River, Alberta. 



t. Judith River beds, Mon- 



1. Belly River series. Red 
Deer River below Berry 
Creek. Alberta, and Wil- 
low Creek subdivisfon of 
the Lanmie. 

t2. Judith River beds, Mon- 
tana. [Also by Stanton 
and Hatcher hi the same 
formation.] 

t. Belly River series, six miles 
west of the first branch of 
Milk River near latitude 
49* and between longitude 
112* and 113*. 

3. HeD Creek, Dawson County, 

Mont. 
t. Ceratop8beds,ChalkBnttes, 

near Powderville, Custer 

County, Mont. 



tl. Belly River series. Red 
Deer River below Beiry 
Creek, Canada. 



Jndith River beds. Willow 
Creek, Mont. 



Geratops beds. Converse Coun- 
ty, Wyo., south side of 
Lanoe Creek, opposite the 
month of Doegie Creek. 

Tiaramie deposito. Converse 
County, Wyo., between 
Lance and Buck creeks. 



Belly River series, mouth of 
Berry Oreek, Red Deer 
River, Alberta. 

371830—15 1 



Material on which determina- 
tion is based. 



1. Fragments of right hypo- 

plastral, and margin of 
carapace. 

2. Fragmente of oostals. 

3. Fragment of a oostel and 

peripheral (Hay, loc. cit.). 

4. fragmente of costal and 

plaistral. 
t6. Two fhfcKmente, a verte- 
bral ana sternal, which 
constitute the type. 



t. Several oostals representing 
a part of the carapace. 



Founded on unsatisfactory 
material, only three firag- 
menteof which can now be 
referred tothe type. These 
flragmente are probably 
costal plates. 

1. By Lambe, portions of a 
plastron and anterior half 
of shell. 

t2. Founded on carapace and 
plastron. 



t. Two small, poorly pra- 
served fragmente of costal 
bones. 



3. Fragmente of epiplastral 

lip. 
t. Whole shell. 



1. Part of a carapace, also the 
anterior end of a plastron 
probably belonging to the 
same individual. 



An imperfdct carapace and the 
greater portion of a plas- 
tron. 



t. A carapace and plastron 
nearly complete. 



Cast of the greater portion of 
the interior of the shell; the 
greater part of the central 
portion of the carapace and 
most of the left side, and a 
large part of the plastron. 

The anterior half of the cara- 
pace and the complete 
plastron. 



Authority and reference. 



1. Lambe, Contr. Canadian 

Paleontology, vol. 2, p. 38, 
1902. 

2. Hay, Fossil turtles of North 

America, p. 248, 1908. 
Cope, IT. 8. Oeol. and 
Oeog. Survey Terr. Bull. 
3, p. 673, 1877. 

3. Brown, Am. Mus. Nat. 

Hist. Bull., vol. 23, p. 823, 
1907. 

4. Hay, Fossil turtles of North 

AmerkA; p. 248, 1908. 
t6. Cope, U. S. Oeol. and 
Oeog. Survey Terr. Bull. 
1, No. 2, p. 30, 1874. 
Hateher, U . S. Oeol. Sur- 
vey Bull. 257, p. 76, 1905. 



t. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 
p. 42, 1902. 

Hay, Fossil turtles of North 
Amerfca, p. 231, 1908. 

t. Cope, Acad. Nat. ScL Phila- 
delphia Proc., voL 28, p. 
257,1876. 



1. Lambe, Contr. Canadian 

Paleontology, vol. 3, pt. 2, 
p. 39, 1902. 

2. Cope, Acad. Nat. ScL Phila- 

delphia Proc., voL 28, p. 
257,1876. Hatcher, U.S. 
Oeol. Survey BulL 257, p. 
76,1905. 



t. Dawson, British North 
Amerk» Boundary Comm. 
Rept., p. 130, 1876. 



3. Brown, Am. Mus. Nat. 
Hist. Bull., vol. 23, p. 823, 
1907. Hay, Fossil turtles 
of North America, p. 229, 
1908. 

t. RIggs, Field Columbian 
MUS. Pubs., OeoL ser., 
vol. 2, p. 249, 1906. 

1. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 
2. p. 44, 1902. Hay. Fos- 
sil turtles of North Amer- 
ica, p. 62, 1908. 

Hay, Carnegie Mus. Annals, 
vol. 3, 1906; Fossil turtles 
of North America, p. 60, 
1908. 

t. Hay, Carnegie Mus. Annals, 
vol. 1, pn25, 1902; Fossil 
turtles of North America, 
p. 63, 1908. 

t. Hay, Am. Jour. Sd., 4th 
ser., vol. 18. p. 261, 1904; 
Fossil turtles of rforth 
America, p. 63, 1908. 



t. Lambe, Ottewa Naturalist, 
vol. 19, p. 323, 1906. Hay, 
Fossil turtles of North 
America, p. 92, 1908. 



Remarks. 



This species was also reported from the mouth 
of Sighom River, Mont. Hatcher thinks 
Lambe's determination of the Belly River 
specimens may be incorrect. Hay (foe. dt.) 
says: " It is unsafe to identify as belonging 
to Adoeut lineolatut specimens ih>m the 
Judith River and Laramie [Lance] beds 
before far better materials « • • have 
been collected flrom the type locality 
(Bitou Creek, Cok>.] * * « It is im- 

Sobable that the species continued fh>m 
e Judith River epoch to the Arapahoe 
epoch." 



Hay (loc. cit.) says that the species is founded 
on very unsatisltetory material, that the 
fragmente described belong to more than 
one species, and that better material will 
be required to determine the structure and 
genwio poeitton of Cope's C. imbriaaiut, 

Eugene Stebinger, of the U. S. Oeologioal Sur- 
vey, who has recently mapped the area 
frx>m which Dawson obtemed the type 
specimen of B. ogmiut, says that the IJeds 
are undoubtedly of Belly River age. The 
material obteined by Dawson was very 
fragmentary. Hay (op. cit. p. 229) says: 
"It is doubtftil whether new materials 
could be identified by means of the type." 

B. ogmku is made a synonym of B. varMonu 
Sy Hay (loc. cit.) and Lambe (op. cit., 
p. 39.) 



A specimen from Red Deer River (Belly River 
formation), Canada, referred by I.<ambe to 
this spedes has since been referred to 
Borempa pulehra. 



Originally referred by Lambe to Baena hateherif 
later to B. puichra, and finally to the pres- 
ent genus and species. Hay also describes 
it as Boremps puichra. 
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Table 6. — Geolo^ diitribuHcm ofverUbrata in the Belly River, JudUh River ^ Lance 



Sp6Ci0B. 



CBELONIA— continued. 
Compaemys obscura Leldy 



Compeemys Tlcta Leldy. 



Aspideretes beecherl Hay. 



Asplderetes (Trionyx) foyeatos (Leldy) . 



Bdly 
River for- 
mation. 



Aspideretes 7 (Trionyx) varans (Cope). 



Aspideretes splendldus Hay 



Aspideretes granifer Hay. 



Judith 
River for- 
mation. 



tx 



8 

"HeU 
Creek 
beds'^ 
fLanoe 
lonnar 
tfon), 
Montana. 



Lanoe 

for- 
matfon, 

ommi^. 



'< Lara- 
mie "for- 
matfon. 

Black 
Buttes, 

Wy- 
ommi;. 



tx 



tx 



tx 



6 



Denver 
and Arap- 
ahoe for* 
matfons, 
Colorado. 



X(T) 



tX(T) 



Finder. 



Date. 



3. Brown . 
t. Hayden. 



3. Brown 

4. Isaacs, Hatcher. 

t. Hayden. 



2. Hatdier 

3. Brown« 

t4. Hatcher 
Beecher. 



an d 



1. Lambe... 
t2. Hayden. 
3. Brown. 
«. (T). 



t6. Cope, Hayden. 



Sternberg. 



Hatcher. 



3. 19Q2 

1855 or earlier. 



3. 1902 

4. 1877. 
fi.(T). 

t. 1855 or earlier. 



2. 1889. 



1. 1901. 



6. 1873. 



1870. 



1887. 
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{**BeU Creek beds'* and '* Ceratops beds"), and Denver and Arapahoe Jormations — Continued. 



Locality and stretlcr^hio po- 
slUon aa giyen by the aathors 
cited. 



Material on which determina- 
tion is based. 



3. Hell Creek, Dawson County, 

Mont, 
t. LoDff Lake, N. Dak. [In 

beds now regarded as 

Lanoe formation.] 



3. HeU Creek, Dawson County, 

Mont. 

4. Lanoe Creek, Wyo. 

6. Northeast Colorado, prob- 
ably Bijou Creek, m Den- 
ver cr Arapahoe formation. 

t. Long Lake, N. Dak. [In 
beds now regarded as 
Lanoe formation.] 



2. Fish Creek, Mont, south of 

Musselshell River. 

3. Hell Creek, Mont. 

t4. Lance Creek, OonTerse 
County, Wyo. 



3. The proximal ends of two 

costals. 
t. Type part of a costal plate. 



1. 



series. Red 



Belly River 
Deer River, Alberta. 

t3. Judith River beds, Mon- 
tana; also near Long Lake, 
N. Dak., frem Larunie. 

3. Hell Creek, Mont. 

6. Ceratops beds near Denver, 
Cok>. 



tft. Lignite Cretaceous (prob- 
ably Arapahoe formation, 
according to Cross, tJ. 8. 
Oeol. Survey Mon. 27), 
Bijou Creek, 40 miles east 
of Denver, Colo. Laramie 
formation, near mouth of 
Bighorn River. Mont., and 
Long Lake, N. Dak., by 
Hayden. 

t. Judith River basin, Mont. 



Judith River beds, Cow Island, 
Mont. 



3. Fracments inoinding the 

right peripheral and the 
outer extremity of the by- 
poplastron. 

4. A right costal andaneural. 
t. A neural and parts of two 

costals. 



2. Two carapaces. 

3. Not given. 

t4. A nearly complete indi- 
vidual. 



1. A nearly completecarapace, 
also hypostemal and plas* 
tral bones. 

t2. Several costal and sternal 



Authority and reference. 



3. Brown, Am. Mus. Nat. 
Hist. BuU., vol. 23, p. 823, 
1907. Hav, Fossil turtles 
of North America, p. 235, 
1906 

t. Leidv, Acad. Nat. Sd. Phil- 
adelphia Proc., vol. 8, p. 
812,1856. 



3. Brown, Am. Mus. Nat. 

Hist. Bull., vol. 23, p. 823, 
1907. Hay, Fossil turtles 
of North America, p. 233, 
1908. 

4. Hay, op. dt., p. 234. 

6. Hay, op. cit., pp. 233, 234. 
t. Leidv, Acad. Nat. Sd. 
Phlladdphia Proc., vol. 8, 

8. 312, 1856; Am. Philos. 
00. Trans., 1860, d. 153. 
Cross, U. 8. Geol. survey 
Mon. 27, p. 227, 1896. 



Remarks. 



This species is induded in Osbom's Montana 



plates. 
3. Three neurab and portions 

of costab. 
6. Not given. 



t6. A number of fragments of 
costals and stemals. 



A large but imperfect carapace. 



2. Hay, Carnegie Mus. An- 

nals, vol. 3, p. 178, 1905. 

3. Brown, Am. Mus. Nat. 

Hist. BuU., p. 842, 1907. 
t4. Hay, Am. Jour. Sd., 4th 
ser.,voI. 18, p. 224, 1904. 

1. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 
p. 33, 1902. 

t2. Leldy, Acad. Nat. Sci. 
Philadelphia Proc., vol. 8, 
pp. 73, 312, 1856; Am. 
Philos. Soc. Trans., vol. 
11, p. 148. 1860. 

3. Brown, Am. Mus. Nat. 
Hist. BuU., vol. 23, p. 842, 
1907. Hay, FossU turtles 
of North America, p. 488, 
1908. 

6. Marsh, U. S. Gepl. Survey 
Mon. 27, p. 527, 1896. 

t6. Cope, U. S. Geol. and 
Geog. Survey Terr. Ann. 
Rept., p. 453, 1874. 



Nearly complete costal and 
fragments of other costals. 



Hay. Fossil turtles of North 
America, p. 490, 1908. 



Hay, U. 8. Nat. Mus. Proc., 
vol. 35, pp. 168-169, 1906. 




1912). presumably on the authority of 
Copers list (U. 8. Geol. and Qex. Survey 



Teir. BuU. 3, p. 573, 1877) of "Vertebrate 
fossils obtained on or near the Missouri 
River." Cope's descriptions of the species 
are given in Am. Philos. Soc. Trans., vol. 
14, p. 124, 1869: U. 8. Geol. and Geog. Sur- 
vey Terr. Bull. 1, No. 2, p. 30, 1874; U. 8. 
Geol. Survey Terr. Rept., vol. 2, p. 261, 
1875. In each of these descriptions Cope 
cites Leidy's original description. In which 
the locaUty is given as Long Lake. Clearly 
Cope did not find any specimens of this 
spedes in the Judith River collections. 

The reference of this spedes to the Judith River 
f(Mrmation by Peale is based on the same 
authority as the preceding species, the re- 
marks oonoeming whidi apply here, ex- 
cept that in the Am. PhUos. Soc. Trans., 
vol. 14, p. 124, I860. Cope gives the locaUty 
as "Bad land, Judith River, Nebr.." but, 
as in the other references dted, he refers to 
Lddy's original description, in which the 
locaUty is eiven as Lone Lake. Cope 
has absolutely no record of having found 
this species in the Judith River formatfon. 
It is also doubtfully reported by Cope from 
a locaUty south of Woodv Mountain, 
Canada (British North America Boundary 
Comm. Kept., p. 33, 1875; U. 8. Ged. Sur- 
vey Terr. Rept., vol. 2, p. 261, 1875). 
Enowlton (Washington Acad. Sd. Proc., 
vol. 13, 1911) regards the formatfon as 
Limce, nence there is no basis for includiiu; 
this spedes in the list from the Judith 
River formatfon. 

2. Hay (loc. dt.) says that it may befong to a 
distmct spedes. 

4. The species was also collected bv Marsh ikom 
the "Laramie" (Lance) of Wyoming, but 
was called by him Trionifx foveattu. 



2. Also reported in Cope's ooUectfon fh>m the 

Judith River basin (Hay. Fossil turtles of 
North America, p. 488, 1906). 

3. Hay (loc. dt.) says: "Had they been found 

in the Juditn River formatfon they would 
without hesitatfon be referred to A. foi»- 
atvLB. * * * Only a complete shell of 
this T<aramie form wUl settle the qnestfons 
involved." There is therefore doubt as to 
the specific identiflcatfon of the specimens 
from HeU Creek. 
6. Hay (loc. cit.) says that this probably be- 
longs to Atptderetea beecheri. 



Hay (loc. dt.) refers Lambe's specimen of T, 
vagant to AtpidereteM eoalueent. 



Cope's reference of T. vmnt to the Judith 
River formatfon may have been based on 
this spedmen (Acad. Nat. Sd. Phlladel- 

ghia Proc., p. 9. 1875; U. 8. Geol. and (3eog. 
urvey Terr. BuU. 3, p. 673, 1877). 
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Table 6. — Geologic dUtnbution of verUbraUi in the. Belly River ^ Judith River y Lance 



SpedflB. 



BeUy 
Blw for- 
mation. 



CBSLOKIA— continued. 

Aspideretes (Plastomeniu) ooalescens 
(Cope) Hay. 



Plastomenns oostatos Cope. . 



Piastomenos punctulatas Cope. 



Plastomenas insignta Cope. 



Enbaena oephalica Hay . 



Eabaena latifrons Hay 



Tbesoelos Insfllens Hay. 



Helopanoplla distlncta Hay. 



Oyremys spectabflis Hay. 



Poljrthorax missooriensis Cope. 



Olyptops depressus Hay. 



2 



Jadlth 

Biver for« 

mation. 



tx 



tx 



8 

*'HeU 
Creek 
beds'' 
fLanoe 
lonnar 
tlon), 
Montana. 



Lanoe 

iat- 
matkm, 

Wy- 
oming. 



tx 



tx 



tx 



n 

mie^lbr- 
matlon. 

Black 
Buttes, 

Wy. 
oming. 



6 



Denver 
and Arap- 
ahoe for- 
mations, 
Colorado. 



tX(T) 



tX(T) 



tX(T) 



Finder. 



1. LambeandMcCon- 

naU. 
t. Dawson. 



3. Brown . . 
t. Dawson. 



Cope. 



Cope. 



Hatcber. 



Brown. 



Brown. 



Hatcher 



Sternberg, 
t. Isaacs. 



Cannon 



Date. 



1. 1807,1806, and 

1901. 
t. 1873 or 1874. 



3. 1002. 
t. 18737 



1873. 



1873. 



(r). 



1876. 



1876. 



1880. 
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{**Hell Creek beds" and ^'Ceratops beds"), and Denver and Arapahoe /ornuUion*--(jontiDMed, 



Locality and stratimphic po- 
sition as given by the authors 
cited. 



1. Belly River series, Red 
Beer River, Canada. 

t. Soath of Woody Ifountain, 
Canada, latitude 49*,longt 
tudebetween 106* and 107*. 
On beds regarded by 
Knowlton as the equivap 
lent of the Lance ronna- 
tion.) 



3. Hell Creek, 12 miles soath of 
Missouri River, Mont. 

t. South of Woody Mountain, 
Canada, same locality and 
horizon as Atpiaereta 
iPUutonunut) ooaUKetUf 
above. 



Northeastern Colorado, prob- 
ably Bijou Creek. [See 
comment by O. B. Rich- 
ardson under Adoeut lineo- 
latua.] 



Northeastern Colorado, prob- 
ably Bijou Creek. [See 
comment by O. B. Rich- 
ardson under A^xut Nimo- 
latut.] 



Laramie of Converse County, 
Wyo. 



Laramie of Sevenmile Creek, 
Weston County, Wyo., 5 
miles north of Cheyemie 
River and 40 miles north- 
west of Edgemont, S. Dak. 

I 

I Laramie of Sevenmile Craek. 
Weston County, Wyo., 6 
miles north of Cheyenne 
River and 40 miles north- 
west of Edgemont, 8. Dak. 

Lance Creek, Converse County, 
Wyo. 



t. Judith River dex>osits, Mon- 
tana. 



Fort Union beds, Montana. 
[See remarks on Ceratodu* 
iRhineaaUt) erudfertu p. 
119.] 



Denver beds (7). 



Material on which determina- 
tion is based. 



1. In 1897 part of dorsal and 
ventralshields. In 1901 a 
carapace originally de- 
scribed as Trknpx vagans. 

t. Type a part of the plastron, 
insntBcient for final generic 
determination. Haysavs 
that Cope erred in think- 
ing a part of this belonged 
to the carapace. 



3. Carapace and plastron, 

parts of each, 
t Fragments of a costal and a 

hypoplastron too fkagmen- 

tary for final detenmina- 

tion. 



Fragments of a oottal plate. 



t. Fragment of the hypoplas- 
tron. 



A fine skull. 



A skull without the lower Jaw. 



A very complete specimen pre- 
senting ooth carapace and 
plastron. 



A fragment of a costal plate 
and a portion of a hypo- 
plastron or hyoplastron. 

Complete plastron and part of 
a carapace. 



Plastron, carapace, mandible, 
and some other material. 



t Fairly complete carapace 
and plastron. 



Authority and reference. 



1. Lambe. Ottawa Naturalist, 
vol. 13. p. 68, 1899; Contr. 
Canadian Paleontology, 
vol. 3, pt. 2, p. 36, 1906 ( K 
vagaiu). Hay. Fossil tui^ 
ties of North America, p. 
438,1906. 

t. Cope, British North Amer- 
ica Boundary Comm. 
Rept.^. 237. 1875. Knowt 
ton, Washington Acad. 
Sci. Proc., vol. 13, pp. 53- 
54. 

3. Hay, Fossil turtles of North 
America, p. 468, 1908. 

t Cope, BritBh North Amer- 
i^ Boundary Comm. 
Rept, p. 334, 1875; U. S. 
Qeol. Survey Terr. Rept., 
vol. 2, p. 94, PL Vm, fig. 
8, 1875. 



t. Cope, U. S. Qeol. and Oeog. 
Survey Terr. Sevenui 
Ann. Kept, p. 453. 1873. 
Hay. Fossil tartus of 
Norm America, p. 468, 
1906. Knowlton, Wash- 
ington Acad. Sci Proc., 
v^. 13, p. 56, 1911. 

t. Cope, U. S. Qeol. and Qeog. 
Survey Terr. Seventh 
Ann. Kept., p. 453, 1873. 
Hay, Fossil turtles of 
Norui America, p. 468, 
1908. 

Hay. FossU turtles of North 
America, p. 82, 1908. 

t. Hay, AoL Jour. ScL, 4th 
sen. vol. 18, p. 263, PI. 
Xrt, 1904. 

Hay. FossU turtles of North 
America, p. 83, 1908. 



t Hay, FoesU turtles of North 
America, p. 95, pis. 24-25, 
1906. 



t. Hay, Fossil turtles of North 
America, p. 485, pi. 88, figs. 
4, 5, 1908. 

t. Hay, Fossil turtles of North 
America, p. 288, pi. 44, 
llAl,2; text figs. 357, 358, 

t. Cope, Acad. Nat. ScL Phila- 
delphia Proc^ vol. 28, p. 
258, 1876. Hay, Fossil 
turtles of North America, 
p. 100, 1908. 

t. Hay, Fossil turtles of North 
America, p. 55, 1908. 



Remarks. 



1. Hay (loo. oit.) provisionally reCers Lambe's 
specimens of Trionifx vtuant and PIm- 
tomenut eoaUteent from the Belly River 
formation to this genus and species. 

t. EInowlton (loc. cit.) regards the formation 
from which Cope's type specimen was ob- 
tained as Lance instead of Belly River or 
Judith River. Until the speclno charac- 
ters and geologic horizon of the specimens 
referred to thu species are accurately de- 
termined it can not be positively asserted 
whether or not this species occurs in both 
the Belly River and Lence formations. 

No weight can be attached to the specimens of 
this and the preceding species obtained 
south of Woody Mountain, oecause the m&* 
terial, according to Cope (loc. dt.), is too 
fragmentary for final aetermination, and 
the geologic horlson is doubtful. Hatcher 
regards it as Bellv River; Knowlton (loo. 
dt.) as Lance. The preceding species has 
been identified from the Belly River only 
and this one fh>m the Lance. 

(?ope abo reports the spedes from the vicinity of 
Long Lake, N. Dak. [probably Lance]. 
The species was also induded in me Judith 
River [Belly Riverl by Hatcher, but 
Knowlton (foe. cit) nas pointed out the 
error in Hatcher's rofBrence. 



The refBrence of this spedes to the Judith River 
by Hatcher was an error. See Knowlton, 
op. dt, p. 56w 



Hatcher (U. S. Geol. Survey Bull. 257, p. 77, 
1905) says that the spedes is founded on 
ample material. 
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Table 6,— Geologic diitribtUion of verUbratea in the Belly River, JvdUh River , Lance 



Species. 


1 

BeUy 
Rivw for- 
mation. 


2 

Jadith 

River for- 

matfon. 


8 

"HeU 
Creek 
beds" 
CLanoe 
forma- 
, tton), 
Montana. 


4 

Lanoe 

for- 
matfon, 

Wy. 
oming. 




'* Lara- 
mie "for- 
matfon. 

Black 
Battes, 

Wy- 
oming. 


6 

Denvw 
and Arap- 
ahoe for- 
matfons, 
Colorado. 


Finder. 


Date. 


BHYNGBOOEFHALIA. 

Cbampsaeaunis annectens Cope 


X 


tx 

tx 
tx 

tx 










1- Lambf 


1001 

1880. 
1881. 
1884. 


• 

ChamixiofAamii brevicollki Com. ....... 










Macoun. 

Davson. 

Weston. 

2. NotglveD. 

2. Cope 














2. Cope(r) 




ChfnnpfOttAiimfT ¥*My^tniniV!nMiM rnnn. . _ 












X(T) 




Champsosaurus ambulator Brown 




tx 
tx 








Brown 


1002 














Brown 


1002 




X 




X 

tx 

tx 
tx 






1. Ollmore 




8QUAMATA. 










Hatcher 




Coniophis preoedens ICareh 












Hatchi^r. 




LnianAyiiii t^m M^rv^ 
















CBOCODIUDJE. 

Brechychampea '(Bottosaarus) pemi- 
gosa (Cope). 










tX(T) 
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{''Hell Creek beds'^ and **Ceratop8 6«&"), and Denver and Arapahoe formatians — Continued. 



Locality and stratigraphlc po- 
sition as givan by the authors 
cited. 



1. Belly RlTsrseriM. Red Dear 

RiTer, Mackay Creek, near 
Walsh station, Canadian 
Paciflo Ry., on Belly 
River; Ross Coulee, near 
Irwin station, Canada. 

2. Judith River beds, Mon- 

tana, and Fox HiUs [Clac- 
gntt fbnnation], ArmeuB 
Credc (east of Judith 
River), Mont 



2. Judith River beds, Mod- 



2. Judith River beds, Mon- 
tana. 



2. Judith River beds, Mon- 
tana. 



Hell Creek beds, Montana. 



Hell Creek beds. Hell Creek, 
Mont. 



Material on which determina- 
tion is based. 



1. A large number of verte- 
brsD, none of which were 
found together in their 

£ roper relative positions, 
sveral vertebra concern- 
ing which Cope says he 
"can not certainly con- 
nect the vertebrs of a 
series as those of a single 
individual." Brown (loo. 
dt) says that the speci- 
men gives Kood generic 
characters, out specific 
definition must await bet- 
ter material from these 
beds. 

t2. A weathered axis centrum 
of an bnmature Individual, 
considered invaUd by 
Brown (loc. cit.). 



t2. A sacral, a cervical, and 8 
dorsal vertebne believed 
to belong to the same ani- 
mal, and isolated verte- 
bra of separate individ- 
uals. Considered valid by 
Brown (loc. cit.). 

2. One-half of a vertebral cen- 
trum which Brown (loc. 
dt.) refers to the order 
Plesiosanria. 



Fairly complete skeleton. 



1. 



4. 



Beds of Belly River age 
(Two Medicine formation], 
Milk River, Mont. 

Taramie deposits. Converse 
County, Wyo. 



Nearly complete 
skeleton. 



Not given. 



skull and 



T4tnfcmiw of Wyoming. [Pre- 
sumably Converse County.] 



Ceratops beds, Wyoming. 



Laramie of Wyoming. [Prob- 
ably ConverBe County.] 



Eastern (Colorado. [Cross, 
(U. S. Oeol. Survey Mon. 
27, p. 244, 1886) regad^ the 
formation as Arapahoe^ 
Bee also comment by O. B. 
Richsdrdson under Aiocua 
Ihuotatut, p. 123. 



t. Maxillary bone containing 
teeth; various other parts 
of the skull and skeleton, 
including vertebrs, have 
been found at dinerent 
localttifls. 

A sinsle vertebra, but several 
other vertebne that may 
not belong to the same in- 
dividual were found at the 
locality. 



t. Vertebrs. 



t6. Numerous fragments with 
vertebrsB and^ portions of 
skull. 



Authority and reference. 



1. Lambe, Contr. (Canadian 
Paleontology, vol. 3, pt. 2, 
p. 45, 1902. 

t2. Cope, Acad. Nat. Sd. Phil- 
adelphia Proc., vol. 28, p. 
351, 1870. Brown, Am. 
Mus. Nat Hist. Mem., 
vol. 9, ptl, p. 6, 1905. 



t2. Cope, Acad. Nat. ScL Phil- 
adelphia Proc., vol. 28, p. 
352, 1876. Brown, Am. 
Mus. Nat. Hist. Mem., 
vol. 9, pt. 1, p. 6, 1905. 

t2. Cme, Acad. Nat. ScL Phil- 
adelphia Proc., vd. 28, p. 
360, 1870. Brown, Am. 
Mus. Nat. Hist. Mem., 
vd. 9, pt. 1, p. 0, 1906. 



2. (3oDe. Acad. Nat. Sd. Phil- 
adelphia Proc., vd. 28, p. 
363, 1870. Brown, Am. 
Mus. Nat. Hist. Mem., 
vd. 9, pt. 1, p. 0, 1906. 

Brown. Am. Mus. Nat. Hist. 

Bull., vd. 23, p. 829,1907. 

t. Brown, Am. Mus. Nat. 

Hist. Mem., vol. 9, pt. 1, 

pp. 4, 22-25, pi. 4, fig. 2, 

fil. 5, figs. 3, 3a, 5, 6a, 0, 6a, 
4, 15, 1905. 

t. Brown, Am. Mus. Nat. 
Hist. Mem., vd. 9, pt. 1, 

5 p. 4. a-22, pis. 1-5, 1905; 
im. Mus. Nat. Hist. Bull., 
vol. 23, p. 842, 1907. 

1. C. W. OQmore, oral com- 
munication. 

4. Williston, Science, new ser., 
vd. 10, pp. 052-963, 1902. 



t. Marsh, Am. Jour. ScL, 8d 
ser., vol. 43, p. 450, 1802. 



t. Marsh, -Am. Jour. ScL, 3d 
ser., vd. 43, p. 450, 1802. 



t. Marsh, 
ser.,' 



1, Am. Jour. ScL, 3d 
vd. 43, p. 450, im. 



to. Cope, U. S. Oed. and 
Qeog. Survey Terr. Sev- 
enth Ann. Rept.,_p. 452, 
1874. Hatcher, U.B.(}ed. 
Survey Bull. 257, p. 82, 
1905. 



Remarks. 



Regarding the specimen from the soKsdled 
Fox Hills rciaggett formation], (^pe (op. 
dt, p. 352) says: "I can not account lor 
this circumstance, as it is the most abun- 
dant fossil of the Judith River beds." As 
the Judith River formation fa now known 
to overlie so^salled Fox Hills conformably, 
the occurrence is not remaikable. 



Brown (loc. dt) says that C, brevkoUia is 
faivalki. 

Hatcher (U. S. <3ed. Survey Bull. 257, pp. 81, 
82, 1905) says of these species: "Owmg to 
the fact that these Judith River forms are 
known almost exclusively from diartlcu- 
lated vertebral centra, and considering the 
usually verv simple structure of these 
throtighout the entire vertebral colunm in 
this group, it may at present be considered 
difficult, if not unpossible, to distinguish 
* the Judith River forms from one another 
or fh>m the later Laxamie fonns." "It has 
3ret to be shown that most of the ciiaracters 
mentioned by Cope as distinguishing his 
species are not present in vertebrse from 
different regions of the vertebral odumn in 
the same individual." 



The materia described with the type listed 
was found aocordfaig to Marsh at different 
localities. It is not certafai that it all per- 
tains to the same species. 



Referred provisionally to this genus bv C. W. 
Oilmore. The specimen originally de- 
scribed bv Lambe as B. perrugonu, 
from the Belly River formation, has since 
been referred by him to LeOifoniehut eano" 
deaht Lambe. 
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Table 6.— Geologic diitribution of verUbraUs in the Belly Rivera Judith River, Lance 





1 


2 


8 


4 


5 


6 






Spedes. 


BeUy 
River for- 
mation. 


Judith 
Rlvw for- 
mation. 


<'HeU 
Creek 
beds" 
rLanoe 
forma- 
tton), 
Montana. 


Lanoe 

for- 
mation, 

Wy- 
omlng. 


<< Lara- 
mie "for- 
matfon, 

Black 
Buttes, 

Wy- 
oming. 


Denver 
and Arap- 
ahoe for- 
matfons, 
Colorado. 


Finder. 


Date. 


CBocoDiLiDJB-<cantini]ed. 
























tx 


X 






t3. Brown 




Grooodiliis hnmllis Leldy 




tx 

1 




X 




X 


2. Hayden 






1 






t hi 




Crooodlhu sp 


1 
1 




X 








Brown 








tx 








Hatcher and Utter- 
back. 


1903 
















LefdyoeachoB stembeisl Oflmore 






tx 


X 






3. Brown ............. 














4. Sternberg. 


4. 1910. 


l4r|d3rQn]chi:f4c«]uklflnffiii T^ambe 


tx 












Ijambe 


1897,1901 


DINOaAXTBIA. 


















ZapaaUs abnuloifl Cope 




X 




X 






2. (T) 














4. Hatcher. 




Troodon formosus Leidy 


X 


tx 




X 






1. T^ambe 


1. 1901 




1 
1 






2. Hayden. 
4. Hatcher. 




Aublyvndon mirmdus T/eldy 




tx 




X 






2. Hayden 






f 








4. Hatcher. 


- 


Paronychodon lacustris Cope 




tx 


i 

1 
























t 
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("HeU Creek beds*^ and '' Oeratopi beds**), and Denver and Ampakoeformationt^OoiitiDned. 



Locality and stratlgraphic po- 
sition as given by the anthore 
cited. 



3. Hell Creek beds, 25 miles 
southeast of Lismas, Daw- 
son CkMinty, Mont. 



2. Badlands of Judith River 

Biidith River formation], 
ont. 
4. Ceratops beds, Convene 

County, Wyo. 
6. Cerstopa beds (on p. 527), 
near Denver, Colo.; Den- 
ver ionnation (on p. 227). 



Hell CSreek beds, Montana. 



t. Judith River beds. WiUow 
Creek, Musselshell Omnty, 
Mont.. 3 miles west of No- 
lan it Archer's ranch (stage 
crossing to Flat Willow). 



3. Hell Creek beds, Gilbert 

Creek, Dawson County, 
Mont., 135 miles northwest 
ofMilaCity. 

4. Ceratops beds. Converse 

County, Wyo., north side 
of Cheyenne River, 3 miles 
west of McKeow's ranch. 

Belly River series. Red Deer 
River, Alberta. 



Material on which determina- 
tion is based. 



2. Judith River beds, Mon- 
tana. 
4. TAramie beds, Wyoming. 



1. Belly River series. Red 

Deer River, below mouth 
of Berry Creek, Alberta. 

2. Badlands of Judith River, 

Mont. 
4. Laramie of Converse (boun- 
ty, Wyo. 



2. Badlands of Judith River, 

Mont 
4. Laramie of Wyoming. 



Fort Union of Montana. [Beds 
now identified as Judith 
River formation.] 



t3. The greater part of a skull. 



t2. Ten specimens of shed 

crowns of teeth. 
4. Not given. 
6. Not given. 



Not given. 



t. Several scutes, 2 vertebne, 
1 cervical rib, 1 dorsal rib, 
fragments of ribs and pu- 
bis, and several hundred 
fhigments of bones belong- 
ing to the skull, vertebrae, 
and ribs, all badly broken. 

t3. Greater part of skull. 

4. Greater part of skull, left 
ramus almost entire, ante- 
rior part of right ramus, 8 
vertebrsB, both humeri, 
right fibula, metatusai 
and other fragments. 



t. A left mandibular ramus, 
posterior part of a cranium, 
portions of the skull, teeth, 
and a number of vertebrs 
and scutes. 



2. Detached teeth. 

4. Numerous small teeth. 



1. Two teeth which agree in 
every particular with Lei- 
dy's type. 

t2. A single tooth, which con- 
stitutes the type. 

4. Teeth similar to those de- 
scribed by Leidy. 



t2. Severalproblematical teeth 
orisinaUy included by 
Leidy in his type of Det- 
nodan horridus. 
4. Teeth. 

t. Detached teeth with sub- 
conic crowns. 



Authority and reference. 



t3. GOmore, U. S. Nat. Mus. 
Proc., vol. 41, p. 297, 1912. 



t2. Leidy, Acad. Nat. ScL 

Philadelpfala Proo.» vol. 

8, p. 73, 1856. 
4. Wiujston. Science, new 

ser., VOL 16, pp. 952-953, 

1902. 
6. Marsh, U. S. Geol. Survey 

Mon. 27, pp. 227, 527, 1896. 



Brown, Am. Mus. Nat. Hist. 
Bull., v<A, 23, p. 842, 1907. 

t. Holland, Carnegie Mus. 
Annals, voL 6> p. 281, 1909. 



t3. Gilmore, U. S. Nat. Mus. 

Proc., vol. 38, pp. 485-502; 

1911. 
4. Gilmoie,idem,p.487. 



t. Lambe, Roy. See. Canada 
Trans., 3d ser., voL 1, 
sec. 4, p. 219, 1907. 



2. Cope. Acad. Nat. Sci. Phil- 
adelphia Proo., voL 2S, 
p. 345, 1876. 

4. Hatcher, U. S. CJeol. Sur- 
vey BuU. 257, p. 84, 1905. 



1. Lambe, Contr. Canadian 
Paleontology, voL 3, pt. 
2, p. 47, 190i 

t2. Leidy, Acad. Nat. ScL 
Philadelphia Proo., vol. 8, 
p. 72, 1856. 

4. Hatcher, U. B. GeoL Sur- 
vey BuU. 257, p. 83, 1905. 

t2. Leidy, Acad. Nat. ScL 
Philadelphia Proc., vol. 
20, p. lfl«, 1868. 

4. Hatcher, U. S. Geol. Sur- 
vey Bull. 257, p. 83, 1905. 

t. Cope, Acad. Nat. Sci. Phil- 
adelphia Proc., vol. 28, p. 
256,1876. 



Remarks. 



4. " Teeth which can not be distinguished from 
those of the tvpe have been found in the 
Lance formation of Converse County, 
Wyo." (Oral statement by C. W. Gil- 
more.) 

2. Of Leidy's material Hatcher (U. S. GeoL 
Survey Bull. 257, p. 82, 1905) says: "The 
simple conical teetn on which the species 
was based furnished no characters for the 
positive identification of other material." 
This species, therefore, seems to be of little 
value for correlation. The material trom 
the Belly River formation originally re- 
ferred by Lambe to this species was later 
referred by him to Leidpotudiut eanadetuU. 
(See below.) 



A dermal scute referred to this species was 
found by C. H. Wegemann In sec. 23, T. 
41 N., R. 79 W., Natrona County, Wyo., 
in the Parkman sandstone membiur of the 
Pierre formation, of Montana age (U. S. 
GeoL Survey Bull. 452, p. 48, 1911). 



Lambe says: "The Jaw was originally de- 
scribed as Bottotawtu perrugotut and the 
teeth as CnoodiUu humlUt." He now con- 
cludes that all the material represents a 
sinsle species, to which he gives a new name. 
It thus appears that L. eanadentit replaces 
B, perruifonu and C. kumilia in the Belly 
River Ust of Lambe and Osbom. 



4. Hatcher (loc. cit.) says: "The meager de- 
scription given by Cope, without figures, 
renders it impossible to certainly identify 
any of the forms of teeth known irom these 
deposits with those referred to by Cope in 
his description. * • * Their exact na- 
ture must, for the present at least, remain 
uncertain." 

Of this and the three succeeding genera Hatcher 
(U. S. Geol. Survey Bull. S7, p. 83. 1905) 
says: "They are tSx founded on such frag- 
mentary material as to be of little value 
except as bearing evidence of the diversity 
of the fauna." 



2. Probably synonymous with Deinodon 
horridut. ( dee remarks on that species. ) 

4. Hatcher (loc. cit.) says: "Similar teeth are 
common both in the Judith River and 
Laramie." 

Hatcher (U. S. Geol. Survey Bull. 257, p. 84, 
1905) regards this species as a synonym of 
Aublptodon mirandut. It seems prooable, 
therefore, that Deinodon horridtu, Aublpio- 
don mirandutf and Paronjfchodon laautrit 
are ssmonvms. Osbom (Am. Mus. Nat. 
Hist. Bull., vol. 5, p. 320, 1803) says that 
the teeth described by C^pe "resemble 
those which we have referred to as the 
probable lower incisors of Mmiscoessus." 
Apparently on this ground alone Peale 
(Jour. Geology, vol. 20, p. 720, 1912) has 
Included P. laeiutrU in. his Converse County 
list. 
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Table 6. — Geologic di$tnbution oj vertebrates in the Belly River, Judith River , Lance 



Speclfls. 



DiNOBAUSiA— oontinued. 
Deinodon horrldus Leidy 



Deinodon (Lnlaps) izicraasatas Cope. . . 



Deinodon (Aublysodon) lateralis Cope. 



Deinodon (Lnlape) ezplanatua Cope. . . 



Deinodon (LsDlape) folculus Cope. 



Deinodon (Lelaps) ha£enianus Cope. 



Deinodon (Lslaps) Invifirons Cope. 



Deinodon (Aubljrsodon) amplus Marsh 



Deinodon ( Laelape) crfstatus Cope . 



Omithomimus tenuis Marsh. 



BeUy 

RiYerldr^ 

matkm. 



Judith 
Riyer for- 
mation. 



tx 



tx 



8 

"HeU 
Creek 
beds" 
(Lanoe 
lonnar 
tion), 
Montana. 



tx 



tx 



tx 



tx 



tx 



Lanoe 

Ibr- 
matlon, 

Wy- 
oming. 



« Lara- 
mie "for- 
mation. 

Black 
Buttes, 

Wy- 
oming. 



tx 



tx 



6 



Denvw 
and Arap- 
ahoe for- 
mations, 
Colorado. 



Finder. 



1. Lambe.. 

2. Hayden. 



1. Lambe 
2. 



Sternberg. 



1. Lambe.. 

2. (?). 

4. Hatcher. 



Isaacs. 



2. Not given 
4. Hatcher. 



Not given. 



Hatcher. 



2. Noteiven 
4. Hatcher. 



Hatcher 



Date. 



1897.1901.... 
2. Not given. 



1. 1807, 1808. 



1. 1901 
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(^'Hdl Creek bedi" and " Ceiratope beds"), and Denver and Arapahoe /ormaticnu — Gontmued. 



Locality and stretlsraphic po- 
sition as given by ue authors 
cited. 



1. Belly River series, Red 

Deer River, Canada. 

2. Badlands of Judith River, 

Mont. 



1. Belly River beds near 
mouth of Berry Creek, Red 
Deer River. 

3. Judith River beds, Montana. 



Fort UnioD beds, Montana. 



1. Belly River series. Red 

Deer River, Alberte, Can- 
ada. 

2. Fort Union (Judith River) 

beds, Montana. 
4. Laramie formatian, Wyo- 
ming. 



Fort Union (Judith River) 
beds, Montana. 



2. Judith River beds, Montana. 
4. Laramie formatian. 



Judith River beds, Montana. 



Ceratope beds, Wyoming. 



2. Judith River beds, Montana. 
4. Converse County, Wyo. (T). 



Judith River beds, Montana. 



Material on whidi determlnft- 
tlon is based. 



1. A number of teeth; a liBw 
phiUanges and a metatar- 
sal are also probably re- 
fsned to this species. 

t2. A number of teeth. 



Authority and reference. 



1. Separate teeth and terminal 
phalanges. 

t2. Two teeth of different sites, 
found near each other but 
not sufficiently near to 
warrant the belief that 
they belong to the same 
individual. 



Detached teeth. 



1. One small tooth. 

2. Numerous small teeth. 

4. Teeth similar to those de- 
scribed by Cope. 



Several teeth about half the 
slse of those of D. expta- 
nahu. 

t2. Several detached teeth 
from different localities. 

4. Teeth similar to those de- 
scribed by Cope. 



Founded on a single tooth. 



Founded on detached teeth 
similar to those of Aublf- 
9odon mimndutt but 
smaller. 



2. Detached teeth. 
4. Teeth. 



Part of a third metatarsal. 



1. Lambe, Contr. Canadian 

Paleontology, vol. 3, pt. 2, 
p. 49, 1902. 

2. Leldv, Acad. Nat Sci. Phil- 

adelphia Froc., vol. 8, p. 
72, 1856. Osboni, Am. 
Mus. Nat. Hist. Bull., 
vol. 21, p. 261, 1905. 



1. Lambe, Ottawa Naturalist, 
vol. 13, p. 60, 1899; Contr. 
CanadiMi Paleontology, 
vol. 3, pt 3, p. 5, 1904. 

t2. Cone, Acad. Nat. Scl. Phil- 
adelphia Proc., vol. 28, pp. 
248, 341, 1876. 

1 and 2. Hay. U. 8. Nat Mus. 
Proc., vol. 85, p. 366, 1909. 



Cope, Acad. Nat. Scl. Phila- 
delphia Proc., vol. 28, p. 
248, 1876. 

1. Lambe, Contr. Canadian 
Paleontology, vol. 8, pt 2, 
p. 49, 1902. 

t2. Cope, Acad. Nat Scl. Phil- 
adelphia Proc., vol. 28, pp. 
249,344,1870. 

4. Hatcher, U. S. Oeol. Survey 
Bull. 257, p. 86, 1905. 

t Com. Acad. Nat Sd. Phil- 
adelphia Proo., vol. 28, pp. 
249, 344, 1870. 

t2. Cope, Acad. Nat. Sci. Phil- 
adelphia Proc., voL 28, p. 
343,1876. 

4. Hatcher, U. B. Oeol. Sur- 
vey Bull. 257, p. 86, 1906. 

t. Cope. Acad. Nat Sci. Phil- 
adelphia Proc., voL 28, p. 
344, 1876. 



t. Marsh, Am. Jour. Sci., 3d 
ser., vol. 44, p. 174, 1892. 



2. Cope, Acad. Nat. ScL Phil- 
adelphia Proc., vol. 28, p. 
344,1876. 

t4. Marsh, Am. Jour. Scl., 3d 
ser., vol. 44, p. 174, 1892. 

i t. Marsh, Am. Jour. Sci., 3d 
ser., vol. 30. pp. 81-86, 1890. 
Hatcher, U. d. Oeol. Sur- 
vey Bull. 257, p. 87, 1905. 



Remarks. 



2. The uncertainty resarding the material on 
which Leidy founded the type is shown by 
the foot that later (Acad. Nat. Sci. Phila- 
delphia Proc. for 1868, p. 198) he referred 
part of the teeth to a new genus and speciM 
lAtMiiiodon minndui); whereas Lambe 
(loc. clt) says that Leldy's first determi- 
nation was correct and that the teeth used 
at a later date for the foundation of the 

ginus Aubljrsodon are probably the an- 
rlor teeth of Delnodon. Osbom concurs 
in this view. 

Two skulls from the Edmonton formation of 
Knee Hills Creek, Red Deer River, Canada, 
were originally described by Cope (Am. 
Philos. Soc. Proc., vol. 30, p. 240, 1802) as 
Lmlapt inerattatuB. In 1904 Lambe (Contr. 
Canadian Paleontology, vol. 3, pt 3, pp. 
5-27) bestowed on these specimens the 
name Dnrptoaaurut inenumthu. In 1905 
Osbom (Am. Mus. Nat. Hist. Bull., vol. 
21, p. 265) gave them the name AtbertotaU' 
rut tareopMgui. Whatever the final dis- 
position of uiese specimens it is evident 
that they do not belong to Lklapt in- 
cnuotus. 

2. Hatcher (U. S. Oeol. Survey Bull. 257, p. 86, 
1905) says: " These teeth are probablylrom 
near the anterior and posterior extremities 
of the series in some representative of D, 
korridui Leidy." 



Hatcher (U. S. Gteol. Survey Bull. 257, p. 80w 
1906) says that these teeth may represent 
anterior teeth of D, explanattu. 

2. Hatcher says that these teeth are common in 
the Judith River and Laramie fso-called] 
formations. *' They appear to pertain to the 
anterior dentition of some of these carniv- 
orous dinosaurs, probably of D, horridut.'* 

Hatcher (U. S. Oeol. Survey Bull. 257, p. 86, 
1905) says: "It [the tooth which consti- 
tutes the typel is distinguished by the ab- 
solutely smooth charactiBr of the anterior 
edge, a character of doubtful value." 

Hatcher (U. S. Oeol. Survey Bull. 257, p. 84, 
1905) says that Marsh's A. amphu and A. 
erittatut from the " Ceratope beida" of Mon- 
tana and Wyomixur are not properly de- 
scribed and should be abandoned, that 
teeth similar to those flnired by Leidy are 
common in both the Laramie [so«alled] 
and Judith River formations, but that they 
are not sufficiently characteristic to dis- 
tinguish either genera or species. 

2. Hatcher (U. S. Oeol. Survey Bull. 257, p. 86. 
1905) says that the teeth resemble those of 
Troodon and possibly pertain to that 
genus. 

4. See remarks on D. amphu. 

Hatcher (loc. cit.) says that the genus Omitho- 
mimus is represented by such meeger ma- 
terial that as yet it Is quite impontble to 
determine many of the more important 
characters of the senus or to compare the 
various species with one another satiafac- 
torUy. 
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SHOBTEB CONTBIBUTIONS TO QENEBAL GEOLOGY, 19U. 



Table 6. — Geologic dUtributum oJvertebraUs in the Belly River ^ Judith River, Lance 



SpeotoB. 



DiNosAUBU--oontiiiiied. 
Omlthomimus gxBndis Manh : . . 



Omlthomimus veloz Harsh. 



Ornithomimiu altos Lambe. 



Omlthomimus sedens Harsh. 



Omlthomimus mlnutus Hanh. 



Tynmnosaurus rex Osbom. , 



PaliBoadDcus oostatus Leidy , 



PalsBosolxKus sp 



Pabeosdncus asper Lambe. 



Palffioscincus latus Marsh. 



Stereooephalus tutus Lambe. 



Nodosaurus textilis Marsh. 



Ankjlosaurus magniventris Brown. 



BeUy 
Rivw for- 
mation. 



tx 



Judith 
River for- 
mation. 



tx 



x(r) 



8 

Creek 
beds" 
fLance 
forma- 
tion), 
Montana. 



tx 



Lanoe 

for- 
mation, 

oming. 



tx 



tx 



''Lara- 
mie ''for- 
mation, 

Black 
Buttes, 

Wy- 
oming. 



6 



Denver 
and Arap- 
ahoe for- 
matfons, 
Colorado. 



tx 



tx 



tx 



Finder. 



Hatcher 



4. Hatcher. 
8. Cannon. 



I. Hatche r. 
3. Brown. 



4. Hatcher. 



3. Brown 

4. Brown, Sternberg. 



1. Lambe 

2. Hayden, Hatcher. 
4. Hatcher. 



3. Brown... 

4. Williston. 



Date. 



4. 1880 



1. 1901 



4. 1801 



3. 1008. 

4. 1900. 



1. 1901 



1. Lambe 

4. Not given. 



Not given. 



1. Lambe. 



1. Lambe — 
4. Not given. 



Kaisen. 



L 1901 



L 1807 



1. 1807, 1806. 



1906. 
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{"Hell Creek beds'^ and *' Ceratopg 6c<&"), and Denver and Arapahoe formations — Continued. 



Locality and strstigraphic po- 
sition as fAvea. by the authors 
dted. 



4. Ceratops beds, Wyoming. 
[Bee'^Remarn."] 



4. Ceratops beds, Wyoming. 
6. Denvw beds, Oreen Moun- 
tain, near Denver, Colo. 



1. BeDy River series, below 
Berry Creek, Red D 
River, Canada. 

S. Hell Creek beds, Montana. 



4. Ceratops beds, Wyoming. 



4. Ceratops beds, 
Coanty, Wyo. 



Converse 



S. Canyon of Hell Creek. Mont.; 
Sevenmile Creek, 6 miles 
north of Cheyenne River, 
Weston Coanty, 5^0. 

4. Converse Coanty, Wyo. 






1. Belly River series, below 

Berry Creek, Red Deer 
River, Canada. 

2. Judith River beds. Cow Is- 
■ land, Mont. 

4. T^aramie formation. 



3. Hell Creek beds, Montana. 

4. Ceratops beds, Converse 

County, Wyo. 



1. Belly River series, below 
mouth of Berry Credc, Red 
Deer River, Canada. 

4. Laiwnie Cretaceous of Con- 
verse County, Wyo. 



Ceratops beds, Wyoming. 



Belly River series. Red Deer 
River, Canada. 



1. BeDy River series, Red Deer 
River, Canada. 

4. Middle Cretaceous of Wyo- 
ming. 



Hell Creek beds, near Gilbert 
Creek, 120 miles northwest 
of MOfls City, Mont. 



Material on which determinft- 
tlon is based. 



4. Femur, tibia, and fibula 
from one skeleton and 
second metatarsal from 
another. 

t. A considerable portion of a 
skeleton. 



4. Not given. 

6. Bones of the limbs and feet. 



1. Complete right hind limb, 
including the foot, the 
phalanges of the left foot hi 
place, a pubio bone, and 
anischiam. 

3. Not given. 

4. Nearly complete pelvis 

with portion of the ntil. 



4. A sacrum, complete Ischia, 
cervical, dorsal, and cau- 
dal vertebra. 



t3. The larger part of a skele- 
ton. 

4. Occiput and brain case, der- 
mal plates, and many 
ports of the skeleton. 



1. A few teeth. 

t2. Founded on a single tooth 

discovered by Hayden. 
4. Teeth of the same general 

pattern as that described 

by Leidy. 



3. Not given. 

4. Not given. 



Authority and reference. 



1. One tooth. 
4. Teeth. 



A single tooth. 



1. Portion of a cranium, scutes, 
part of a rib, teeth, and 
plates of several individ- 
uals. 

1. Represented by upper part 
of cranium and a number 
of dermal plates, doubt- 
fully referred to If. taiilis. 

4. Various portions of the skel- 
eton, but the skull not 
known. 

Skull with two teeth, scapula, 
and coraooid, vertebne, 
ribs, and dermal plates. 



Marsh. Am. Jour. ScL, 3d ser., 
vol 43, pp. 44(MS3. 1892. 
Hatcher, U. 8. Geol. Sur- 
vey Bull. 257, p. 87, 1905. 



4. Marsh, Am. Jour. ScL, 3d 

ser., vol. 43, pp. 449-463, 

1892. 
t6. Marsh, idem, voL 39, pp. 

81-86, 1890; U. 8. Geol. 

Surv^ Sixteenth Ann. 

Rept., pt. 1, p. 205, 1896; 

U. S. Geol. Survey Mon. 

27, p. 518, 1896. 

tl. Lambe, Contr. Canadian 

PaTeontology, vol. 3, pt. 2, 

p. 50, 1902. 
3^ Brown, Am. Mus. Nat. 

Hist. Bull., vol. 23, p. 842, 

1907. 

t4. Marsh, Am. Jour. ScL, 3d 
ser., vol. 43, pp. 451-462, 

im. 



Remarks. 



Wflliston. Kansas Univ. 
Quart., vol. 7, pp. 173-174, 
1896. Marsh, Am. Jour. 
Sd., 3d ser., voL 43, pp. 
449^463,1892. 

t3. Osbom, Am. Mus. Nat. 

Hist. Bull., vol. 21, p. 2G0, 

1905; vol. 22, p. 281, 1906. 
4. Osbom, Am. Mus. Nat. 

Hist. Hem., new ser., voL 

1, pt. 1, p. 4, 1912. 

1. Lambe, Contr. Canadian 

Paleontok>gy, voL 3, pt. 2, 
p. 53, 1902. 

2. Leidy, Am. Philos. Soc. 

Trans., vol. 11. p. 146, 1890. 
Hatcher. U. S. Geol. Sur- 
vey Bull. 257, p. 88, 1905. 
4. Hatcher, idem. 

3. Brown, Am. Mus. Nat. 

Hist. Bull., VOL 23, p. 842, 
1907. 

4. Williston, Sdenoe. new 

ser.. vol. 16, pp. 952-053, 
1902. 

tl. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 
p. 54, 1902. 

4. Williston, Science, new 



., vol. 16, p. 953, 1902. 
Marsh, U. S. Geol. Survey 
Sixteenth Ann. Rept., pt. 
1, 1896, p. 226. 

• 

t. Marsh, Am. Jour. ScL, 3d 
'., vol. 44, p. 173, 1892. 



1. Lambe, Contr. Canadian 
Paleontology, voL3, pt. 2, 
p. 55, 1902. 



1. Lambe, Ottawa Naturalist, 

vol. 13, pp. 68-70, 1809. 
t4. Marsh, Am. Jour. ScL, 3d 
:., vol. 38, p. 175, 1889. 



Brown. Am. Mus. Nat. Hist. 
Bull., vol. 24, pp. 197-201, 
1908. 



The type of this species has also been accredited 
to the Judith River formation, but Hatcher 
(loc. cit.) says that it was found in the Eagle 
sandstone near the mouth of Cow Creek, 
opposite Cow Island, Missouri River, 
Mont. , and that "hereafter it should be re- 
ferred to the Eagle formation," which is 
considerably older than the Judith River. 

4. C. W. Gilmore says that this specimen is 
probably referable to Osbom's Tyranno- 
saurus. 



Specimens believed by Lambe to belong to 
this species have been found at varfous 
places by several collectors: among the 
specimens are a costal vertebra ana ptaft- 
langes firom the Edmonton formation. 



The specimen originally described (op. cit., voL 
21) as Dfnamotauruf imperiotui is now in- 
cluded in T. ra. 



Hatcher (k)c. cit.) says: "Teeth of the 
general form and pattern as those described 
and figured by Leidy are common in the 
Judith River beds and in the Laramie. As 
yet they have only been found detached, so 
that nothing is positively known of the na- 
ture of the animab to which tiboy be- 
tonged." 



Hatcher (U. S. Geol. Survey Bull. 257, p. 80, 
1905) says that the characters on which 
Lambe baaed his determination may be due 
to ace or to the position occupied by the 
tooth in the Jaw rather than to specUlo 
distinction. 



A specimen referable to this genus has also been 
found by C. W. Gilmore in beds of Belly 
River age (Two Medicine formation) on 
Milk River, Mont. 

1. In a personal conununication to the writer 
C. w. Gilmore expresses the opinion that 
the specimens referred by Lamoe to Nodo- 
taunut texiilit were afterward made the tyi>e 
of Stereocephalua ttUut Lambe. 
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SHOBTEB CONTRIBUTIONS TO GENBBAL GEOLOGY, 19U. 



Table 6. — Geologic distribution of vertebrates in the Belly River, Judith River, Lance 



Species. 


1 

BeUy 
River for- 
mation. 


2 

Judith 
River for- 
mation. 


8 

"HeU 
Creek 
beds" 
(Lanoe 
forma- 
tion), 
Montana, 


4 

Lanoe 
for- 
mation, 

ommg. 




"Lara- 
mie "for- 
mation, 

Black 
Buttes, 

Wy- 
oming. 


6 

Denver 
and Arajh 

ahoe for- 
mations, 
0>lQrado. 


Finder. 


Date. 


DiNOSAUBiA— continued. 








tx 






Feterson 

t. Hatcher, Uttarback. 

Meek 


1889 


DINOSAURIA (CXKATOPSIDJB). 

Asathaumas sylvestre Cop^ - 








tx 




t. 1891. 

1872 


Agafhaumas mllo, syn. of Hadrosaums 
ocddentalis. 

Dvaeanns (4 SDecles) Cone 










X(T) 








X 








Cope and Hayden 




OHiitrowmms apBrtnfl I/amb<^ ......... 


tx 










T^mbe. ... ^ ......... . 


lom 


MonorkmUifv crwMiia Coha 


tx 






••■•*••••• 




Cone 


187* 


Monoclonius dawsoni Lambe 


tx 










'U'v^n?. •..•••....•..^4... 


1901 


IConoclonlus sDhenooems Cone 


tx 
tx 

tx 
tx 










t. Stambers 


1876 


Mnaoclonitnn flssns Cone^ ^ . , . . , ^ . 












Not given 














X(T) 


t2. Hatcher 


2. 1888 


Oeratops (Monoclonius) recurvIcomLs 
(Cope). 

Ceratopfl (Monoclonius) canndf^n^i^ 










6. Bldridga. 

t. Cope 


t. 1876 


tx 












t. T/ambe 




(Lambe). 
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{**HiM Creek beds" and '' Ceratops heds")^ and Denver and Arapahoe formations — Continued. 



Locality and stratimphlc po- 
sition as glTen by tbe authors 
cit«d. 



Lance fonnatloii, Lanoe Creek, 
Converse Coonty, Wyo. 
[Peteraon's specimen], and 
i>oegie (>eek, Conyerse 
County, Wyo. [type sped- 



Black Buttes station on 
Union Padflo R. R.. soath- 
«m Wyoming, In the Bit- 
tflr Creek series of coals. 



Juditli River bods. 



Belly River series, Red Deer 
River, Canada. 



t. Near the base of the Judith 
River beds, near the 
mouth of Birch Creek, Mis- 
souri River, Mont. 

t. Belly River series, Red 
Deer River, below mouth 
of Berry Creek, Canada. 



t. Near Cow Island, Missouri 
River, Mont. 

Not given. 



2. Near top of Judith River 
beds, on Cow Creek, Mont., 
10 mOes above its mouth 
and Just below where the 
Cow Island-Benton road 
descends to the creek. 

6. Arapahoe beds, near Den- 
ver, Cdo. 



t. North side of Missouri River 
opposite the mouth of Dog 
Creek. 

t. Belly River beds. Red Deer 
River, Canada, below the 
mouth of Berry Creek. 



Material on which determina- 
tion is based. 



t. A nearly complete articu- 
lated skeleton, the skull 
and neck being the only 
important parts missing. 



Nine vertebre, indudinc a 
perfect sacrum with dor- 
sals and caudals; both 
iliac and other pelvic 
bones, some bones of the 
ribs, limbs, and other 
parts not determined. 



Teeth supposedly belonging to 
fbor species. 



Laree posterior crest and nasal 
bom. 



t. Teeth, caudal vertebrae, 
three oervicals, the fbre 
limbs, tibia, Uiiun, sacrum, 
parietals, femur. 

t. Part of a skull. 



t. Portions of premazfllary na- 
sals and nasal horn. 

t. A right pterygoid, incom- 
plete. 



t2. An occipital condyle and a 
pair of Irontal horn cores. 



t. Parts of the skull, including 
the frontal and nasal horn 
cores. 

t. Part of a skull and a lowe 
jaw. 



Authority and reference. 



t. Oilmore, Smithsonian Misc. 
Coll., vol. 61, No. 5, pp. 
1-^, 1913. 



Hatcher, U. S. Oeol. Survey 
Mon. 49, p. 106, 1907. 



Cope. U. S. Oeol. and Oeoe. 
Survey Terr. Seventh 
Ann. Rept., p. 448, 1874. 

Hatcher, U. 8. Oeol. Survey 
Bull. 267, p. 90. 1906; U. S. 
Oeol. Survey Mon. 40, p. 
07, 1907. 



t. Lambe. Ottawa Naturalist, 
vol. 18, pp. 81-84, 1904. 



Hatcher, U. S. Oeol. Survey 
Bull. 267, p. 91, 1906; U. S. 
Oeol. Survey Mon. 40, p. 
71,1907. 

Hatcher, XT. S. Oeol. Survey 
Bull. 267, p. 91 . 1906; U. S. 
Oeol. Survey Mon. 49, p. 
89, 1907. 

Hatdier, U. B. Oeol. Survey 
Mon. 49, p. 87, 1907. 

Hatcher, U. S. Oeol. Survey 
Men. 49, p. 81, 1907. 

2. Hatcher, U. S. Oeol. Sur- 
vey Mod. 49, p. 100, 1907. 

0. Marsh, Am. Jour. ScL, 3d 
ser^ vol. 30, pp. 477-478, 



Hatdier, XT. S. Oed. Survey 
Mon. 49, p. 81, 1907. 



Hatcher, U. S. Oed. Survey 
Mon. 49, p. 93, 1907. 
Lambe. Contr. Canadian 
Paleontology, vd. 3, pt. 2, 
p. 63, 1902. 



Remarks. 



Mr. Oilmore has told the writer personally that 
the senus at least is present in the "Hell 
Creek beds" (Lance formation) of Mon- 
tana. 



A. R. Schults, of the United States Oeologioai 
Survey, eznresses the opinion that the beds 
in which this qjedmen was found are of 
Cretaceous age. 



Cope says that the specimens came from Colo- 
rado, but does not give their stratlgraphio 
position. 

Four species of this genus were described by 
Cope. After carefully reviewing all the 
lit^ture. Hatcher says: "I am convinced 
that the genus was based on teeth pertain- 
ing to two or more genera, bdonglnc in part 
to Trachodontidfle and In part to Ceratop- 
sidse. * * * In the absence of the type 
specimens, * * * the imperfect nature 
of the material. * * * the lack of any 
figures or sufficiently exact description, 
* * * 1 fed warranted in exduding it 
from the recognisable genera of the Cera- 
topside.'' 



it 



The material on which this species is founded 
was first referred to Monodoniut datrsoni 
by Lambe (Contr.Canadian Paleontology), 
but a later study of the material oonvtocea 
Lambe that two species had been induded 
under one name. 



Hatdier says that owiag to the fragmentary 
nature of the material, the spedes ought to 
be discarded. 

6. Marsh (op. cit., p. 478) says: "Remains of 
the same reptile or one nearly allied had 
previously been found in Cdorado," by O. 
H. EldHdge. Lull (U. S. Oeol. Survey 
Mon. 49. p. 183, 1907) doubts the accuracy 
of Marsn's determination and says: "The 
fragmentary nature of the fossil predudes 
accurate determination." Msish also 
seems to have been in doubt as to the cor- 
rect identification of the Cdorado speci- 
mens. On page 227 of U. S. Oed. Survey 
Mon. 27, he includes C. monianuM in his \w, 
of Denver and Arapahoe vertebrates, but 
he omits it from a list on page 527. which, but 
for this one omission, is a duplicate of the 
Ibt on page 227. If the later list expresses 
Marsh's final views C. montanus should be 
excluded from the list of Denver and Arapa- 
hoe vertebrates. 
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SHOBTER CONTKIBUTIONS TO GENERAL GEOLOGY, 1914. 



Table 6. — Geologic distribution of vertebrates in the Belly River, Judith River, Lance 



Species. 



pOCOSAURXA (CKKATOPSIDiE)— COntd. 

CenUvs (Hanoclonius) belli (Lambe). . 



Ceratops pauddens Marsh. 



polynoax mortuarhis Cope. 



Trioentops altloocBis Marsh. 



Trioentops horridiis Marsh . 



Trioeratops serratns Marsh . 



Trf oerat<yps obtusos Marsh , 



BeUy 
Rivw for- 
mation! 



tx 



Trioeratops promis Marsh. 



Trioeratop9 breTioonius Hatcher . 



Trioeratops solcattis Marsh. 



Trioeratops (Sterrholophus) flabellatus 
Marsh. 



Trioeratops elatus Marsh . 



2 



Judith 
River for- 
mation. 



tx 



8 

"HeU 
Creek 
beds" 
(Lanoe 
lorma- 
tfon)p 
Montana. 



Lanoe 

for- 
mation, 

Wy. 
omlng. 



tx 



tx 



tx 



tx 



tx 



tx 



tx 



tx 



''Lara- 
mie " for- 
matfon, 

Black 
Buttes, 

Wy- 
oming. 



6 



Denver 

andArap> 

ahoefor- 

matfons, 

Colorado. 



tx 



tx 



Finder. 



t. Lambe 



t. Hatcher. 



Cannon, O. L , 



t4. Ouemaey, C. A. 
Wilson, E.B. 



3. Brown, O^ and Loll 

4. Beecher, C. E. 



Hatcher. 



Hatcher. 



3. Brown 

4. Utterback. 



Hatcher. 



Hatcher. 



Hatcher. 



Date. 



t. 1888. 



1887. 



• • • • • « 



1880. 
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{**Hell Creek beds*^ and " CercUopa 6«fe"), and Denver and Arapahoe /ormaHons — Continued. 



Locality and stratigrsphic po- 
sition as given by the authors 
cited. 



t. Belly Kiver series. Red 
Deer Biver, Canada. 



t. Upper part of Judith River 
DwlSy Dof^ Creek, near sum- 
mit of hill about 20 rods 
from a spring near the old 
freight road irom Judith to 
Mauien and about 12 miles 
from Judith post office. 

Colorado. [Probablv from Bi- 
iou Creek 40 mues east of 
Denver (Cross, U. S. Oeol. 
Survey Hon. 27, p. 244, 
1896).] 



t. Denver beds, banks of 
Green Mountain Creek, 
near Denver, Colo. 



tft. Laramie fbrmatioo, Con- 
verse County, Wyo^ in a 
tributary of Buck Creek, 
near Johnson Bros.' sheep 
ranch. 

6. Ceratops beds, near Denver, 
Colo. 



3. Hell Creek beds. Hell Creek 
canyon, Mont;^ 25 miles 
from Missouri River. 

14. Ceratops beds. Converse 
County, Wyo., 3 miles 
above mouth of Dry Creek, 
near Jacob Mills's sheep 
ranch. 



Middle of Laramie, Converse 
County, Wyo., 1 mUe east 
of Lance Creek and 2 miles 
southeast of U-L ranch. 

Ceratops beds, Wyoming, 
about 100 yards from local- 
ity for 7*. serratua. 



3. Hell Creek beds, Montana. 

4. Near summit of Laramie 

ionnaXkm, Converse 
County, wyo., 3 miles 
above the mouth and half 
a mile south of Lightning 
Creek. 

Ceratops beds, Converse 
County, Wyo., divide be- 
tween Buck and Lance 
creeks. 

Ceratops beds. Converse 
County, Wyo., on a ridge 
between Buck Creek and 
Lance Creek. 

Middle of Ceratops beds, Con- 
verse County, Wyo., one- 
fourth mile east of Lance 
Creek, opposite mouth of 
Lightning Creek. 



Material on which determina- 
tion is based. 



The greater part of the coa^ 
lesced parletals. 



A left maxillary and premax- 
Ulary. 



t. VertebrsD and fragments of 
limb bones. Hatcher (U. 
S. Geol. Survey Mon. 49, 
p. 113, 1907) says that frag- 
ments supposed by Cope 
to pertain to the ischia are 
now known to be horn 
cores. 

A pair of supraorbital horn 
cores. 



t4. The greater part of a skull, 
including the horn cores 
and portions of the lowor 
Jaws. 

6. iragmentary remains. 



3. Skull. 

t4. A nearly perfect skull. 



t. A portion of the skull and 
jaws and vertebrae. 



t. A nearly perfect skull with 
lower jaw. 



3. Not given. 

4. A nearly complete skuU 

and considerable portion 
of the skeleton. 



t. Fragmentary skull, lower 
jaw, humerus, several ver- 
tebrse, and other parts of 
skeleton. 

t. A nearly complete but dis- 
articulated skull, asso- 
ciated with several verte- 
brse,a few limb bones, etc. 

t. Left side of a skull, very 
complete, showing all the 
important cranial charac- 
ters; also lower jaw (de- 
tached). 



Authority and reference. 



Hatcher, U. S. Oeol. Survey 
Mon. 49, p. 96, 190f . 
Lambe. Contr. Canadian 
Paleontology, vol. 3, pt. 
2, p. 60, 1902. 

Hatcher, U. S. Geol. Survey 
Mon. 49, p. 103, 1907. 



Hatcher, U. S. Geol. Survey 
Mon. 49, p. 112, 1907. Cope, 
U. S. Geol. and Geog. Sur- 
vey Terr. Seventh Ann. 
Rept., pp. 447-451, 1874. 



t. Marsh, Am. Jour. Sd., 3d 
ser., vol. 34, p. 323, 1887; 
vol. 38, p. 174. 1889; U. S. 
Geol. Survey lion. 27, pp. 
512-527.1806. Hatcher, U. 
S. Geol. Survey Mon. 49, 
pp. 104-115, 168, 170, 1907. 

t4. Marsh, Am. Jour. Sci., 3d 
ser., vol. 37, p. 334, 1889; 
vol. 38, p. 173, 1889. Hatch- 
er, U. S. Geol. Survey Mon. 
49, p. 117, 1907. 

6. Marsh, U. S. Geol. Survey 
Mon. 27, p. 527, 1896; Am. 
Jour. Sci., 3d ser., vol. 87, 
pp. 334-335, 1889. 

3. Brown, Am. Mus. Nat. 

HLst. Bull., vol. 23, p. 842, 

1907. Lull, Am. Mus. Nat. 

Hist. Bull., vol. 19, p. 685, 

1903. 
t4. Marsh, Am. Jour. Sci., 3d 

ser.. vol. 39, pp. 80-82, 

1890. Hatcher, U. S. Geol. 

Survey Mon. 49, p. 122, 

1907. 

t. Marsh, Am. Jour. Sci., 4th 
ser.. vol. 6, p. 92, 1898. 
Hatcher, U. S. Geol. Sur- 
vey Mon. 49, p. 140, 1907. 

t. Marsh, Am. Jour. Sci., 3d 
ser.. vol. 39. pp. 81-86, 1890. 
Hatcher, U. 8. Geol. Sur- 
vey Mon. 49, p. 127, 1907. 

3. Brown, Am. Mus. Nat. Hist. 

BuU., vol. 23, p. 842, 1907. 

4. Hatcher, U.S. Geol. Survey 

Mon. 49, p. 141, 1907. 



t. Marsh, Am. Jour. Sci., 3d 
ser.. Tol. 39, p. 442. 1890. 
Hatcher, U. 8. Geol. Sur- 
vey Mon. 49, p. 133, 1907. 

t. Marsh, Am. Jour. Sci., 3d 
ser., vol. 38, p. 174, 1889. 
Hatcher, U. S. Geol. Sur- 
vey Mon. 49, p. 143, 1907. 

t. Marsh, Am. Jour. Sci., 3d 
ser., p. 265,1891. Hatcher, 
U. S. Geol. Survey Mon. 
49, p. 134, 1907. 



Remarks. 



Hatcher (loc. cit.) wys: "Cope's description 
and figures dononstrate * * * the in- 
adequate nature of the material upon which 
the genus and species were based. The 
name should be dropped from paleonto- 
logical literature." 



This species was first described as Biwn aiti- 
eomia by Marsh (1887). lAter (1889) he 
transferred it to the genus Ceratops. 
Hatcher (op. cit., p. 116) says that the 
affinities are certainly with Triceratopa 
rather than with Ceratops. 



STISS**— 15- 
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SHOETEB CONTRIBUTIONS TO GENERAL GEOLOGY, 1914. 



Table 6. — Geologic diatnbuHon of vertebrates in the Belly River, Judith River, Lanee 



Species. 


1 

BeUy 
River for- 
mation. 


Judith 

River for- 

matfon. 


8 

"Hell 

Oeek 

beds" 

fLanoe 

forma- 

_tion), 

Montana. 


4: 

Trance 

for- 
mation, 

Wy- 
oming. 


5 

"Lara- 
mie" for- 
mation. 

Black 
Buttes, 

Wy. 
oming. 


6 

Denver 
and Arap- 
ahoe for- 
mations, 
Colorado. 


Finder. 

• 


Date. 


DOIOSAUBIA. (CZBATOPSIDA)— COntd. 








tx 
tx 

tx 






Fatchw 








• 








Manh 




TrkftmivM calloomUi Manh . . 












Hatcher 




Tfieeratope giUeiu Marsh. 










tx 


Eldridge 




Dlmmtopfi hatcher! T^uil ... 








tx 

X(T) 




Hatcher 




MancwMWid Yhw niiwr n<mA 








- 






• 


riftiliijnfliiii tflhrrtmn rnnrr 


♦ 


X(T) 




• 








IHtfffffffM validus Lambe 


tx 

X 










TAmbe 


1806 


mrOflAUBlA (TKACHODONTXDA). 

TiAcbodon mirabilis Leidy 


tx 
tx 




X 






1. T^mbe 


1901. 

* 


Trvhodon (Hadrosaurus) brevlceps 








2. Hayden. 
4. Hatcher, Wortman, 
HDl. 
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{"Hell Creek beds** and " Ceratops 6«&"), and Denver and Arapahoe formations — Continued. 



Locality and stntieraphic po- 
sition as given by the autnon 
cited. 



Ceratops beds, about 1 mile 
east of U-L ranch, which 
is at the junction of Lanoe 
and Dry creelcs, Wyo. 

j AiaMhoe beds, near Brighton, 



Ceratops beds, Converse 
County, Wyo., 35 miles 
southwest of the mouth of 
Lightning Creek. 



Oeratops beds, Converse 
County, Wyo., on the 
north side of Lightning 
Creek, about 2 miles above 
the mouth of the stream. 

Laramie of Converse County, 
Wyo., on low divide be- 
tween Lightning and Cow 
creeks, about 1 mile dis- 
tant firom the mouths of 
these streams. 

I jtramifl of South Dakota; 
nrobably also from the 
lAramie of Converse 
County, Wyo. 

t. Laramie of South Dakota. 






[No looalitv was 
en by Cope; Hatcher 
thinks it came from South 
Dakota, but Osborn 
(Contr. Canadian Paleon- 
tology, vol. 3, pt. 2, p. 15, 
IMttThas included it in his 
Montana list.] 

Belly River series, Red Deer 
Kiver, Canada. 



1. Belly River series, near 
mouth of Benry Creek, Red 
Deer River, Canada. 

t2. Badlands of Judith River, 
Mont. 

4. Converse County, Wyo. 



t. Laramie [Judith River for- 
mation], Beariww Moun- 
tains, Mont. 



Material on which determina- 
tion is based. 



t. Skull with lower Jaw, 11 
dorsal vertebra, several 
ribs, i>art of the pelvis, and 
other parts of the skeleton. 

Nasal hran core. 



t. A skull without the lower 
Jaw. 



A skull without lower Jaw. 
Posterior part of parietals. 
summits of horn cores, and 
parts of mamillaries are 
wanting. 

A nearly complete parietal, 
left squamosal, horn cores, 
one epijugal, the occipital 
condyle, and other parts 
of the skeleton. 



t. Two dorsal vertebrae, of 
which only one can be 
found now. 



t. A rostral and predentary. 
both of which are now lost. 



Founded on two cranial fhig- 
ments, probably belonging 
to two species. 



1. Numerous mftxillae and 
rami, some with teeth well 
preserved,as well as a large 
number of principal bones. 

t2. "Specimens of teeth, gen- 
ereuly much worn and in a 
. ftaementary condition." 

4. By Wortman and Hill, a 
skeleton; by Hatcher, a 
skeleton. 



Part of a right maxillary with 
teeth well preserved. 



Authority and reference. 



t. Marsh, Am. Jour. Sci., 4th 
ser., vol. 6, p. 92, 1898. 
Hatcher, U. S. Oeol. Sur- 
vey Mon. 49, p. 138, 1907. 

Marsh, Am. Jour. Sci., 8d ser., 
vol. 38, p. 174, 1889. 
Hatcher, IT. S. Qeol. Sur- 
vey Mon. 49, pp. 132-183. 



Lull, U. S. Oeol. Survey Mon. 

49, p. 149, 1907. 
t Hatcher, Am. Jour. Sci., 

4th ser., vol. 20, p. 417, 

1905. 

t. Marsh, Am. Jour. Sci, 3d 
ser., vol. 42, p. 266, 1891. 

Hatcher, U. S. Oeol. Survey 
Mon. 49, p. 150, 1907. 



t. Marsh, Am. Jour. Sci., 3d 
ser., vol. 42, pp. 266-267, 
1801. 

Hatcher, U. S. Oeol. Survey 
Mon. 49, p. 152, 1907. 



Hatcher, U. S. Oeol. Survey 

Mon. 49, p. 113, 1907; U. S. 

Qeol. Survey Bull. 257, p. 

96,1906. 
t. Cope, Am. Naturalist, vol. 

26, p. 757, 1892. 



Hatdier, U. S. Oeol. Survey 
Mon. 49, p. 114, 1907. 



Hatcher, U. S. Oeol. Survey 
Mon. 49, p. 98, 1907. 
Lambe. Contar. Canadian 
Paleontology, vol. 3, pt. 2, 
p. 68, 1902. 

1. Lambe, Ottawa Naturalist, 
vol. 13, p. 60. 1899. 

t2. Leidy, Acad. Nat. Sci. 
Philadelphia Proc., vol. 8, 

S. 72, 1856. Hatcher, U.S. 
eol. Survey Bull. 257, p. 
96,1905. 
4. Hatcher, Carnegie Mtts. An- 
nals, vol. 1, pp. 382, 386, 
1902; Science, new 
vol. 12, p. 719, 1900. 



t. Marsh, Am. Jour. Sci., 3d 
ser., vol. 37, p. 335. 1889. 
Hatcher. U. 8. Oeol. Sur- 
vey Bull. 257, p. 97, 1905. 



Remarks. 



Hatcher (op. cit, p. 132) says: " The extremely 
fraginentary nature of the material on 
which the species was based precludes the 
possibility of defining it adeouately. * * • 
The species should be abandoned.'' 



Cope's original material came from South Da- 
kota, not from Montana. (See Hatcher, 
U. S. QwA. Survey Bull. 257, p. 96, 1905.) 
Hatcher (U. S. Oeol. Survey Mon. 49, p. 
114, 1907) says: "A comparison of the ver- 
tebra still preserved with others from the 
same region in the vertebral column but 
belonging to the skeleton of a carnivorous 
dinosaur probably pertaining to some 9ip^' 
cies of D^tosaurus, from ^ ^ * Con- 
■ verse County, Wyo., • ♦ • demon- 
strates conclusively that the remains upon 
which the present genus and si>ecies were 
based belonged to the Theropoda rather 
than the Predentata, and that ft was there- 
fore not a member of the Ceratopslde." 

This species is regarded by Hatcher (op. cit.) as 
belonging to the Trachodontidse rather 
than to the Ceratopsidse, but he savs that 
in the absence of the type material the 
afllnities can not be established with cer- 
tainty. 



Hatcher does not include this species in the 
Ceratopsids. He thinks that it belongs to 
a hitherto unknown reptile, and that it will 
probably be found to belong to another 
order. 

1. Lambe (kx;. citO states that remains of this 

species have also been collected by F. O. 
McConnell from the Laramie Jso-called] at 
Scabby Butte, on Red Deer River. 

2. Hatcher (loc. cit.) says: "It is scarcely pos- 

sible to identify the various species of this 
eenus or the genera of the family [Tracho- 
dontidse] lh>m the teeth alone." 
4. In Science, vol. 12, Hatcher refers to finding 
a skeleton of Claosaurus of which he de- 
scribes the dermal covering but does not 
eve the specific name. In the Carnegie 
us. Annals, vol. 1, he credits Cope with 
having first described this ooverins firom 
the same si>ecie8, Tro/iAoion (Dkloniut) 
tniTobilit. The assumption is therefore 
iustified that Hatcher's Claosaurus fkt>m 
Converse County, Wyo., is sjmonymous 
with T. mirabilit. 



Hatcher (loc. cit.) says that the teeth resemble 
closely those of T. 9elwffni Lambe. 
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SHOBTEB CONTRIBUTIONS TO GENEBAL GEOLOGY, 1914. 



Table 6. — Geologic distribution of vertebrates in the Belly River ^ Judith River^ Lanoe 



species. 


1 

BeUy 

River for- 

matfon. 


9 

Judith 

River for- 

matfon. 


• 

8 

<<HeU 
Creek 
beds" 
(Lanoe 
lorma- 
tfon), 
Montana. 


4 . 

Lance 
^ tor- 
matfon, 

ommg. 


5 

"Lara- 
mie "for- 
mation, 
Black 
Battes, 

oming. 


6 

Denver 
and Arap- 
ahoe for- 
mations, 
Colorado. 

1 


Finder. 


Date. 


DINOaA.inUA (TBACHODONTIDf)— cent. 

Tracbodon selwyni Lambe 


tx 
tx 

tx 












T<ambe \... 


Trachodon maiginatus L<vnbe 












1 
1 
Lambe ' --- -. 


Trachodon aUf^^FU* T^AinhA 












Lambe 




* 

Trachodon lonHcens BCarsh 






tx 






Hatcher 




Trachodon (Hadrosamns) paucidens 
liarsh. 

Trachodon (Claosaums) annM^nn 




tx(?) 








Hatcher 








X 




X 


4. Hatcher, Sternberg. 
6. Not given. 

Brown 


4. 1891 


(liarsh). 
Trachodon sd 






X 






Thespesius (Hadrosaurus) occidental is 
Leiiy. 

Pteronelvx EralliDes Cooe 






X 

• 




X 


4. Sullins 


4. 18B1 




tx 






t. Hayden. 
Isaacs... 


1876 


Cionodon stenoDsis Cope 


tx 










Dawson 




Cionodon arctatus Cooe 










tx ' 


Not given 




Dlclonius PftntftKonus Cotm*. ..,--.,,,,.. 




tx 
tx 
tx 








Not given 


• 


Diclonius Deranenlatus Cone 












Not given. 




Diclonius calamarius Cope 










« 


Not given 
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(*• Hell Creek beds ** and " Ceratops beds "), and Denver and Arapahoe formations — Continued. 



Locality azkd stntigrapble po- 
sition as glyen by the aattaors 
cited. 



BeUy River series, 
not given.] 



[Location 



Belly River series. Red Deer 
River district, Canada. 



Belly River series, Red Deer 
River district, Canada. 



Laramie of Wyoming. 



Laramie of Montana. 



4. Laramieof Converse County, 

Wyo. 
6. Ceratops beds, near Denver, 

Colo. 



Hell Creek beds, Montana. 



4. Laramie of Wyoming. 
6. Ceratops near Denver, Colo, 
t. Grand River, Nebr. (N. 
Dak.) 



t. Judith River beds, near 
Cow Island, Mont. 



t. Fort Union (7) beds, near 
Milk River near latitude 
49* and between longitudes 
112* and 113*. 



Coicrada 



Fort Union beds [Judith River 
fbrmatkm], Montana. 



Fort Union beds f Judith River 
formation], Montana. 



Fort Union beds f Judith River 
fonnation], Montana. 



Material on which determina* 
tion is based. 



Founded on teeth differing 
from those of T. mirobHii 
bv being rounded oval 
above instead of torminat- 
ing in a point. 

Humerus, radius, ulna of left 
fore Innb, a metatarsal and 
phalanges, fragments of 
teeth of one individual, 
and various parts of the 
skeleton found dissociated. 

A left maxilla with the teeth. 



A nearly perfect right dentary 
bone. 

A left maxillary nearly com- 
plete and other portions of 
the skull. 



4. By Hatchei^-a nearly com- 
plete skeleton. 
By Sternberg— anearly com- 
plete skeleton. 
Not given. 



Not given. 



4. A nearly complete £kull and 

skeleton. 
6. Not given. 



A considerable portion of a 
skeleton without skull or 
teeth. 



t. Maxillary and teeth. 



A tooth, two dorsal vertebrae, 
distal end of a femur with 
the condyles well pre- 
served. 



Detached teeth. 



Detached teeth. 



Detached teeth. 



Authority and reference. 



t. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 

8. 69, 1902. Hatcher, U. S. 
eol. Survey BuU. 257, p. 
97,1906. 

t. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 
p. 71, 1902. Hatcher. U.S. 
Oeol. Survey Bull. 257, p. 
97, 1905. 

t. Lambe, Contr. Canadian 
Paleontology, vol. 3, pt. 2, 

S. 76, 1902. Hatcher. U.S. 
eol. Survey Bull. 257, p. 
98,1905. 

Marsh. Am. Jour. Sci., 3d ser., 
vol. 39, pp. 422^424, 1890. 

t. Marsh, Am. Jour. Sci., 3d 
^ ser., vol. 37, p. 336, 1889. 



4. Marsh, Am. Jour. Sd., 3d 
ser.. vol. 43, pp. 449~153, 
1892. Osbora, Science, 
new ser., vol. 29, p. 793, 
1909. 

6. Marsh, U. S. Oeol. Survey 
Mon. 27, p. 227, 1896. 

Brown, Am. Mus. Nat. Hist. 
Bull., vol. 23, p. 842, 1907. 

4. Marsh, Am. Jour. ScL, 3d 
ser., vol. 43, pp. 44^-453, 
1892. Hatcher, Am. Jour. 
Sci.,3d8er.,vol.45,p. 143, 
1S93. 

6. Cope, U. S. Oed. and Oeog. 
Survey Terr. Seventh 
Ann. Kept., pp. 432-466, 
1874. Marsh, nj. 8. Oeol. 
Survey Mon. 27, p. 527, 
1896. 

t. Leidy, Acad. Nat. Sci. Philr 
adeiphia Proc., vol. 8, p. 
311,1856. 



t. Cope, Am. J<Taturalist, vol. 
23, p. 904, 1889. Hatcher, 
U. 8. Oeol. Survey Bull. 



904,1889. Hatdier, 
Oeol. Su] 
257, p. 98, 1905. 



Cope, Acad. Nat. Sci. Phila- 
delphia Proc., vol. 28, p. 9, 
1876. 

t. Dawson, British North 
.\mericaBoundaryComm. 
Rept.jj). 130, 1875. Hatch- 
er, U. 8. Oeol. Survey Bull. 
257, p. 99, 1905. 

t. Cope, U. S. Oeol. Survey 
Terr. Rept.jvol. 2, pp. 57- 
62, 1875. Hatcher, Car- 
negie Mus. Annals, vol. 1, 
p. 381, 1902. 

t. Cope. Acad. Nat. Sci. Phil- 
adelphia Proc., vol. 28, p. 
253, 1876. Hatcher, U. 8. 
Oeol Survey Bull. 257, p. 
99,1905. 

t. Cope. Acad. Nat. Sci. Phil- 
adelphia Proc., vol. 28, p. 
254, 1876. Hatcher, U. 8. 
Oeol. Survey Bull. 257, p. 
99,1905. 



t. Cope, Acad. Nat. Sci. Phll- 

;iphia Proc., vol. 28, p. 

255, 1876. Hatcher, U. 8. 



^h 



Remarks. 



Hatcher (loo. cit.) says that this species may be 
a synonym of T. brevicept. 



Hatcher (loc. cit.) says that this species is based 
on material pertaining to different species, 
genera, families, and even cHrders. 



Oeol. Survey Bull. 257, p. 
99,1905. 



The only locality given is Montana. The fossils 
may have come trom. either the Judith 
River or the Lance formation, as Marsh 
referred to both formatioDs as the ^.^r^niift 



4. Marsh described the Wjroming and Colorado 
specimens as Ctaonunu annecUnt. 



Eugene Stebinger.of the United States Geologi- 
cal Survey, who has recently mapped this 
area, says that the formation is undoubt- 
edly of Belly River age. 



Concemlng this and the next two roecies, 
Hatcher (loc. cit.) says the genus & gen- 
erally considered as a synonym of Tracho- 
don. In the absence of any figures it is 
doubtful if any of the species are identi- 
fiable without access to the t3mes; and as 
these are no longer determinable in the 
Cope collection, it would not be amiss to 
drop the specific names referred to this 
genus. 
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SHOBTEB COKTBIBUTIONS TO OEKEBAL OEOLOOY, 1914. 



Table 6. — Geologic diatribiUion of vertebrates in the Belly River, Judith River, Lance 



Species. 



▲YES. 

Cimolopteiyx rarus Marsh. 



Cimolopteryx retusus Marsh , 



Ptilodus prlmsevus Lambe. 



Ptflodussp. 



Meniscoeasus conquistas Cope . 



BoreodoQ matutinus Lambe. 



Cimolomif$ gneait Maxsh. 



Cinuiomift beUut Maish. 



dnuiodon nitidiu Maish. 



NanomifM minutut Marsh. 



Dipriodon nfnutut Marsh, 



JHprttdon luwOut Marsh . 



Trifpriodonccelatut Marsh. 



Triprtodon caperaSUB Marsh. 



SeUnaeodonfraffUii Marsh , 



Halodon Kuiptua Marsh. 



Hahdon terratus Marsh. 



Camptomus ampiut Marsh , 



DryokHes tenax Marsh. 



BeUy 
River for- 
mation. 



Judith 
River for- 
mation. 



Didelphopi (Didelphodon) vorax Marsh. 



Didelphopa (Didelphodon) /erox Marsh. 



tx 



tx 



Didflphopa (Didelphodon) comptus 
Marsh. 



8 

"Hell 
Creek 
beds*' 
fLanoe 
formic 
tion), 
MontaOa. 



Lnnoe 

lor- 
maticm, 

Wy- 
omlng. 



tx 



tx 



"Lara- 
mie" for- 
mation, 
Black 
Buttes, 

Wy- 
omme. 



6 



Denver 
and Arap- 
ahoe for- 
mations, 
Colorado. 



Finder. 



Hatcher. 



Hatcher. 



Lambe. 



Brown. 



3. Brown 

4. Hatcher, 
t. Wortman. 



Lambe, Hatcher 



Hatcher. 



Hatcher. 



Hatcher. 



Hatcher. 



Hatcher. 



Hatcher. 



Hatcher 



Hatcher 



Hatcher 



Hatcher 



Hatcher 



Hatcher 



Hatcher 



Hatcher 



Hatcher 



Hatcher 



Date. 



1901. 



t. 1882. 
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(**ffeU Creek beds'' and ** Ceratops beds'"), and Denver and ArapaAotf/onnattaiM—Coiitinued. 



Locality and stratigraphio po- 
sition as giyen by the authors 
cited. 



Laramie of Wyoming. 



T^AHimte of Wyoming. 



Belly River series, Red Deer 
River, Cooada. 



Hell Creek heds, Montana. 



3. Hell Creek beds, Montana. 

4. Laramie formation. Lo- 

cality not given, 
t. Laramie of Soath Dakota. 



Belly River aeries, Red Deer 
River, Canada. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Material on which determina- 
tion is based. 



T^iramlB of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



A ooracoid bone. 



A left ooraooid. 



An Imperfect right mandible 
and ramus with fourth 
premolar and first molar 
attached. 

Not given. 



3. Not given. 

t. Two molars and a distal ex- 
tremity of a humerus. 



By Lambe, a single tooth. 
By Hatcher, a Jaw. 



An upper molar. 



An upper molar. 



An upper molar. 



A number of very minute 
teeth, of which a shigle 
tooth is taken as a tsrpe. 

A left upper molar. 



A first or second molar. 



An. upper molar. Several 
lower molars were found 
with the type, but the as- 
sociation may be acciden- 
tal. 

A lower incisor, associated 
with other incisors and 
other teeth in various 
states of preservation.- 

An upper fragmentary molar. 



Fourth premolar of the lower 
jaw. Two incisors, prob- 
ably from the same spe- 
cies, are also represented. 

A lower molar. 



A scapula, with which are as- 
sociated several parts of a 
skeleton and fragments of 
teeth. 

A lower jaw which does not 
show the number or form 
of the teeth. 

Several teeth and parts of the 
skeleton. 

A number of teeth, of which 
the lower molar is taken as 
the type. 

Several teeth, of which the 
lower molar is taken as the 
type. 



Authority and reference. 



Remarks. 



t. Marsh, Am. Jour. Sd., 3d 
ser., vol. 38, p. 83 (foot- 
note), 1889; vol. 44, p. 175, 
1892. 

t. Marsh, Am. Jour. ScL, 3d 
ser., vol. 44, p. 175, 1892. 



Lambe, Contr. Canadian Pa- 
leontology, vol. 3, pt. 2, p. 
79, 1902. 



Brown, Am. Mus. Nat. Hist. 
Bull., vol. 23, p. 842, 1907. 

3. Brown, Am. Mus. ' Nat. 

Hist. Bull., vol. 23, p. 842, 
1907. 

4. Cope, Am. Naturalist, voL 

16, p. 830, 1882. 

Lambe, Contr. Canadian Pa- 
leontology, vol. 3, pt. 2, p. 
79, 1902. 

Marsh, Am. Jour. Sci. . 3d ser., 
vol. 38, pp. 81-90, 1889. 

Marsh, Am. Jour. Sci., 3d ser., 
vol. 38, pp. 81-90, 1889. 

Marsh, Am. Jour. Sci., 3d ser., 
vol. 38, pp. 81-90, 1889. 

Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-90, 1889. 

Marsh. Am. Jour. Sci., 3d ser., 
vol. 38, pp. 81-90, 1889. 

Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-^, 1889. 

Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-^, 1889. 



Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-^», 1889. 



Marsh. Am. Jour. ScL, 3d ser., 
VOL 38, pp. 81-90, 1889. 

Marsh, Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-90, 1889. 



Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-90, 1889. 

Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-90, 1889. 



Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-90, 1889. 

Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-90, 1889. 

Marsh. Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-90, 1889. 



Marsh, Am. Jour. ScL, 3d ser., 
vol. 38, pp. 81-90, 1889. 



In Scienoe, new aer., voL 12, p. 719. 1900, Hatcher 
says that all the mammals obtained by 
him under the direction <rf Marsh came 
fK>m Converse County, Wyo. Hence all 
the succeeding species are from that gen- 
eral locality. 

The 17 genera and 28 species whose 
names are printed in Italic in the list 
(taken from jCarsh) have, according to Os- 
tiom (Am. Naturalist, voL 26, p. 609, 1891), 
been reduced to " four or five genera, one of 
which can now be well defined (Menlsooes- 
sos). while the remainder are probably 
distinct genera, which we may be able to 
define by the acquisition of more material 
(Cimolomjrs, Didelphops, and Cimolestes). 
There is no question that the majority of 
the remaining generic names are syno- 
nyms, although it is quite possible that 
some of the tvpes described, such as Oraco* 
don and Pedlomys, may be found to repre- 
sent distinct or new genera." 

The remaining species of the list have 
been reviewed by the same writer (Am. Mus. 
Nat. Hist. Bull., VOL 5. pp. 311-330, 1893), 
with a consideraole reduction in the num- 
ber of genera. 

From Osbom's reviews, cited above, it 
appears that many of Marsh's species are 
synonyms or are established on inadequate 
material, and that the list should be greatly 
reduced. 

In a personal communication to the 
writer J. w . Gidley refers 12 of these species 
to PtOodus and 7 to Menlscoessus and 
states that 7 are uncertain, leaving 9 species 
as probably detemUned correctly by 
Marsh. 
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Table 6. — Geologic distribution of vertebrates in the Belly River ^ Judith Rivera Lance 



Species. 



MAMMALIA— continued. 
CtmoUHeg inefgut Harsh 



CimoUtUi curttu Manh. 



PedHomjfB eU^aiu Harsh . 



CImolomys digona Harsh . 



Sdenaeodon hretHi Harsh. 



SUHfodon tumidus Harsh. 



Stagodon nitor Harsh 



Stagodon validut Harsh. 



Oraeodon aneept Harsh. 



Oraeodon eonulua Harsh. 



AUacodon Unttu Harsh. 



AUacodon fortis Harsh. 



AUacodon pumaus Harsh 



Allacodon rarus Harsh . 



Baiodon formottu Harsh . 



Cimolodoo painis Harsh . 



CImolodon agOis Harsh . 



Telacodon praestans Harsh . 



Telacodon levls Harsh. 



Batodon tenuis Harsh. 



Bellv 

Riverfor- 

mation. 



Judith 

RIverfor- 

mation. 



8 

'<HeU 
Creek 
heds" 
(Lance 
forma- 
tion), 
Hontana. 



Lance 

for- 
mation, 

Wy- 
oming. 



X 
X 



<<Lan^ 
mie" for- 
mation, 

Black 
Buttes, 

Wy- 
oming. 



6 



Denver 
and Arap- 
ahoe for? 
mations, 
Colorado. 



Fhider. 



Hatcher 

Hatcher 
Hatcher 
Hatcher . 

Hatcher. 
Hatcher 
Hatoher , 
Hatcher . 
Hatcher . 
Hatcher. 
Hatcher . 

Hatcher . 
Hatcher . 
Hatcher . 
Hatcher . 
Hatcher . 

Hatcher. 
Hatcher . 
Hatcher . 



Hatcher 



Date. 
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C^HeU Creek heds^* and ''Ceratops 6«i»''), and Denver and ^rap^/ormatioTM— Continued. 



I 



Locality and stmtigrapbic po- 
sition as given by the autnors 
cited. 



TAramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



T«amte of Wyoming. 



Laiamie of Wyoming, 
Laiamie of Wyoming. 
Laramie of Wyoming 
Laramie of Wyoming 
Laramie of Wyoming 
lAramie of Wyoming 
Laramie of Wyoming 

Laramie of Wyoming. 
Laramie of Wyoming. 
Laramie of Wyoming. 
Laramie of Wyoming. 
lAmmie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



Laramie of Wyoming. 



liaterial on which determina- 
tion is based. 



Several teeth in agood state of 

{>reservation. of which the 
ower molar is taken as the 
type. 

A molar with several other 
teeth. 

An upper molar and other 
teeth. 

A number of remains, of which 
an upper molar is most 
chaiacteristic and is taken 
as the tyiM. 

An upper molar with other 
teeUi. 

A premolar attached to a por- 
tion of the maxillary. 

Several molars and premolars. 



Anterior part of right lower 
jaw. 

A number of premolars. 



A single tooth. 



An upiper molar and other 
teetn, several of which 
were found together. 

Entire upper series of molars 
and premolars. 

Several teeth. 



A fiew Isolated molar teeth. 



A fourth premolar. 



Isolated remains, Including 
the anterior portion of a 
lower Jaw wltn incisors in 
place. 

Left lower jaw with one molar 
in place. 

A lower jaw , also a lower molar 
with other specimens. 

A right lower jaw, containing 
three molars In place; a de- 
tached upper molar and 
premolar also referred to 
this form. 

A lower jaw with canine in 
place and several other 
specimens. 



Authority and reference. 



Marsh, Am. Jour. Sci.,3dser., 
vol. 38, pp. 81-00, 1888. 



Marsh. Am.' Jour. Sci., 3d ser., 
vol 38, pp. 81-00, 1880. 

Marsh, Am. Jour. Sci., 3d ser., 
vol. 38, pp. 81-00, 1880. 

Marsh. Am. Jour. Sci., 3d ser., 
vol. 38, pp. 177-180, 1880. 



Marsh. Am. Jour. Sci., 3d ser., 
vol. 38, pp. 177-180, 1880. 

Marsh. Am. Jour. Sd., 3d ser., 
vol. 38, pp. 177-180, 1880. 

Marsh. Am. Jour. Sd.. 3d ser., 
vol. 38, pp. 177-180, 1880. 

Marsh, Am. Jour. Sd., 3d ser., 
vol. 43, pp. 240-361, 1802. 

Marsh. Am. Jour. Sd., 3d ser., 
vol. 38, pp. 177-180, 1880. 

Marsh, Am. Jour. Sd., 3d ser., 
vol. 43, pp. 340-281, 1802. 

Marsh. Am. Jour. Sd., 3d ser., 
vol. 38, pp. 177-180, 1880. 

Marsh. Am. Jour. Sd., 3d ser., 
vol. 43, pp. 240-261, 1802. 

Marsh, Am. Jour. Sd., 3d ser., 
vol. 38, pp. 177-180, 1880. 

Marsh, Am. Jour. Sci., 3d ser., 
vol. 43, pp. 240-261, 1802. 

Marsh, Am. Jour. Sci., 3d ser., 
vol. 38, pp. 177-180, 1880. 

Marsh, Am. Jour. Sd., 3d ser., 
vol. 43, pp. 240-261, 1802. 



Marsh, Am. Jour. Sd., 3d ser., 
vol. 43, pp. 240-361, 1802. 

Marsh, Am. Jour. Sd., 3d ser., 
vol. 43, pp. 240-261, 1802. 

Marsh, Am. Jour. Sd., 3d ser., 
vol. 43, pp. 240-261, 1802. 



Marsh, Am. Jour. Sci., 3d ser., 
vol. 43, pp. 240-361, 1802. 



Remarks. 
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Exclusive of the. mammals 135 species are described. In Table 7 are brought together 
for convenience of comparison all the forms given in Table 6 which have been reported to 
occur in more than one of the formations involved (the "Hell Creek beds," Lance of Wyoming, 
and Denver and Arapahoe being considered collectively as "Ceratops beds"). Table 7 there- 
fore shows at a glance the forms common to the Judith River and Belly River, to the Judith 
River and "Ceratops beds," to the Belly River and "Ceratops beds," and to all three of these 
formations. It also indicates forms whose specific identification for certain of the formations 
is in doubt. 

Table 7. — Species common to two or more o/the/ormatiotu represented in Table 6. 

[Spedflc nmiiiBs in italic indicate doubt as to speoiflc identity of the form from tliat particular formation. For basis of doubt see Table 6. columns 

<'l^terial" and " Remarks."] 



BeUy River formation. 



-Pisces (total species 9): 

Acipenter alberiengit 

Cemtodfu erueifenu 

Dipkpodut UmgirtHtrit 

LepUo$Uua ( Lepidotut) oeeidentttlia. 

Imedapktu bipartituM 

Amphibia (total species 5): 

Scapherpeton tectum 

Plesiosauiia (total species 3) : 

Cbelonia (total species 29) : 

Adoetu linetHOiut 

Basilemys varkdosus 



Trionyx foveatus 

Rhynchooephalia (total species 6): 

Champsosaurus annectens. .. . 
Cfocodilia (total species 6) : 

Dinosauria (total species 74): 

Troodonformonu 

Deinodon horridus 



Deinodon incrassatus. 
Deinodon explanatus. 



Omithomimus altus. . . 
Palososclncus oostatus. 

PalMoteineut atper 

Nodomiwnutextuia 

Trachodon mirabilis. . . 



Judith River formation. 



Aeipenur afbtfiengit 

CeiiUodu9 entd/enu 

Dipkpodutlon^iroBtrit 

Lepiiotteu9 (Lepidohu) oeeidentalU . 
lipledapkiu bipartUut 

Scapherpeton tectum 

iKkfroMvnw anlifuum 



Adoetu Uneaiatua 

Basilemys varioloeus. 
AnddereUi betdieri . . . 
Trionyx f oveatus 



Chanqtsosaurus annectens. 
Crocodflus hnmilis 



Trooicnjortnotus 

Deinodon horridus 

Deinodon kazenianm . . 
Aublysodon mirandus. 

Zapsalis abradens 

Deinodon incrattahu . . 
Defaiodcm explanatus . 
Deinodon eriitatut 



PalsMMcfaicus costatus. 



Trachodon mirabilis. 
CeraU^s montanus.. 



tt 



Ceratqps beds."' 



Aeipenaer albertemit. 

Dipkfodiu lonairotirit. 

Lepisosteus (Lepidotus)oocidentalis. 

M^edaphu bipanitut. 

Scapherpeton tectum. 

Ischyrosaurus antiquum. 

Adoeus lineolatus. 

Aspideietes beecheri. 
Trwnjfx/oveaiiu, 



Cneodatu kumUit. 

Troodon/omumu, 

Deinodon hatenianut. 
Aublysodon mhandus. 
ZapaaliM obrodenM. 

Deinodon explanatus. 
Deinodon criatahu. 
Omithomimus altus. 
PalsMMcincus costatus. 
PalsDoscfaicus asper. 
Nodosaurus textilis. 
Trachodon mirabilis. 
Ceralop$ montanua. 



a The term "Ceratops beds" is here used to include "Hell Creek beds," Lance formation of Wyoming, and Denver and Arapahoe formatioa 
of Table 6. 

The forms reported to be common to the "Ceratops beds" and one or both of the other 
formations are classified as follows: 

Piscee 4 

Amphibift 1 

Plesiosauria - 1 

Ghelonia 3 

Dinoeauria (only one of which is a ceratopsian) 12 

Crocodilia 1 

The distribution of these species according to geologic formations is as follows: 

Pisces, — Out of 9 species described 5 are common to the Belly River and Judith River, and 4 of these are also 
common to the "Ceratops beds." 

Amphibia. — Of 5 species described there is but 1 that occurs in more than one of the formations, and that 1 is 
common to the three formations. 

Plesiosauria. — Out of 3 species described there are none common to the Belly River and either of the other for- 
mations and only 1 common to the Judith Rivier formation and ''Ceratops beds.'' 

Chelonia.— Out of 29 species described 3 are conmion to the Judith River and Belly River, 2 of which are also 
common to the Lance, and only 1 is common to the Judith River and Lance and not found in the Belly River. 

Rhynchocephalia. — Out of 6 species described 1 is common to the Belly River and Judith River, and none are 
common to either of these formations and the Lance. 

Sqtmmata. — No species in conmion. 

Crocodilia. — Of 6 species described 1 is common to the Judith River and the Lance, and none are common to 
either of these formations and the Belly River. 
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IHnodauria. — Of 74 species described 6 are common to the Belly River and Judith River, 7 are common to the 
Belly River and Lance, and 9 are common to the Judith River and Lance. 

Table 8 is introduced for the purpose of showing in a concise way those forms whose spe- 
cific identification for the localities indicated is doubtful. 



Table 8. — Species whose identification, from certain fomuUionSf is based on inadequate material, 
[The tyjie of the species may or may not, however, he hased on adequate material.] 



Species. 



Acipenser alhertensis. 
C«ratodus eruciferus . . 



Ceratodus hieroglyphtis 

Dlphyodus longirostrls 

Hfldionchus stembergiL 

Lepisosteos haydenl 

LepiMsteos (Lepidotus) oocidentalis . 

Myledaphns hlpartitus 



Cimoliasaanis magnus. 



lachyrosauTus antiquum . 



CtMkmia: 

Adocns Uneolatus. 



Basflemys imbricaria. 
Aspideretes beecheri. . 



Aspideretes (Trionyx) foveatus 



Rliynchoccphalia: 

Cbampaosaurus brevicollis. 

Crocodilia: 

Crooodihis humllis 



Dinasauria: 

Troodon ftmnosos. 



ZapsaliB ahradens 

Deinodon incrassatus. 

Detoodon falculus 

Deinodon haienianus. 
Deinodon IsDvifrons. . . 
Deinodon amplus 



BeUy 
River 
forma- 
tion. 



X 

X 



X 
X 



X 

X 



Judith 
River 
forma- 
tion. 



Deinodon crlstatus . 



Paleoecincus asper . 



Nodosaurus textllls. 



X 
X 

X 
X 
X 

X 
X 



X 

X 
X 
X 



X 



Dysganus (Ceratopslds). 



Monoclonlus fissus . 
Ceratopn montanus . 



"HeU 
Creek 
beds." 



Lance 
forma- 
tion, 
Converse 
County, 
Wyo. 



X 



X 
X 



X 



X 
X 



Denver 

and 
Arapa^ 
hoe for- 
mations. 



Material 
(See also "Remarks," Table 6.) 



Dermal shield. 

Fragments of cranial bones and a dentigerous 

A dentigerous plate. 

A Jaw with teeth scars. 

The crown of a young tooth. 

A single scale. 

A few scales, which Hatcher says are Insufficient 

and of little value for correlation. 
A few simple isolated and detached teeth, which 

Hatcher says are too simple to Identify either 

genera or species. 

Several vertebrsB, which Hatcher says may pertain 
to another genus and species: in some respects 
thev resemble laehvrotawttt antiquum. 

Vertebral centra, which Hatcher says may belong 
to another genus; the material b too incomplete 
for accurate determination. 

Imperfect fragments of costals, regarded by Hay as 
inadequate for Identification. 

Three fragments, probablv oostab. regarded as very 
unsatisiactory and inadequate by Hay. 

Two carapaces, of whkh Hay says no characters an 
observed which distinguish them ftom A . beeekeri; 
It is not improbable, however, that they belong 
to a distinct species. 

The Denver specimen may belong to A. bueheri. 
The '* Hell Creek" specimens consist of 3 neurals 
and portkms of costaJs, of which Hay says: "Had 
they been found in the Judith River deposits, 
they would without hesitation be referred to A. 
fooetUua. Perhaps only the finding of a complete 
shell of this 'Lammie^ form will settle the ques- 
tion involved." 



A single vertebra of an immature Individual, 
num Brown says the species is Invalid. 



Bar- 



T|rpe from Judith River was founded on the crowns 
or teeth, which Hatcher says furnish nochuacters 
for positive identification of other material. 

The type from Judith River is founded on a staigle 
tooth. Hatcher regards the material as insuf- 
ficient. 

Small teeth, which Hatcher says can not be oer- 
tafaily identified with the type. 

Two teeth, which Hatcher says probably belong to 
2>. horridui. 

Detached teeth, which Hatcher says may be ante- 
rior teeth of 2>. esplefioltw. 

Detached teeth, which Hatcher says may be ante- 
rior teeth of D. erptonoftw. 

A single tooth, regarded as of doubtlU vahie by 
Hatcher. 

Founded on teeth which Hatcher says do not afford 
characters for either generic or specific distinc- 
tion. 

Detached teeth, which Hatcher says do not afford 
characters for either generic or specific disttno- 

• tion. 

Type, a single tooth, of which Hatcher remarks 
that the ctuuacters assigned to it may be due to 
age and not to specific differences. 

Part of cranhim, at first doubtftilly referred by 
Lambe to this species, but later to Stereocej^ialut 
tutuf. 

Qenus and four imecies founded on teethpertaining 
in part to Ceratopsldfe and in part to Trachodon- 
tidae. Hatcher regards the genus as unrecog- 
nizable. 

A right pterygoid, so fragmentary that Hatcher 
says the species should be discarded. 

Lull recrards the determination as a case of mistaken 
identity. Manh, to whom the determination is 
attributed, does not include It in his last list of 
vertebrates from the Denver Basin. (See *' Re- 
marks," Table 6.) 
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the Belly Biver and Judith River forms are more primitive than those occurring in the Lance. 
These conclusions are adequately expressed in the following quotations from Osbom and 
Hatcher. Osbom ^ says : 

It soon appeared to the writer, in the study of the fine collection made by Mr. Lambe, that the Belly River 
vertebrates of the Northwest Territory were of decidedly different and apparently of older type than those from the 
Laramie beds of Converse County, Wyo., described by Marsh, and were rather to be compared with those described 
by Leidy, Cope, and Marah, from Montana, chiefly from the Judith River beds, a region by no means distant geo- 
graphically. * ♦ « 

There is thus very little in common between the Belly River fauna and the Laramie fauna of Wyoming and 
Colorado, so fair as described, except the dinosaur Omithomimus and the very persistent chelonian Baena. Most of 
the dinosaurs will probably be found to be separated generically. 

On the other hand, so far as known, the Montana faiuna has much in common with the Belly River, especially 
the Testudinata, Iguanodontia, and Ceratopsia. 

Hatcher's conclusions' are m part as follows: 

When considered in its entirety, the vertebrate faima of these beds [Judith River] is remarkably similar to 
though distinctly more primitive than that of the Laramie. * * * 

It is in the Ceratopsidfle more than in any other group that we are at present able to contiast the Judith River 
and Laramie forms. * * * The primitive nature of the Judith River Ceratopsid®, as compared with the Laiamie, 
is especially seen in the smaller size of the individuals, the less perfectly developed armature of the skuU, and the 
imperfectly developed parietal crest. ♦ * ♦ 

Briefly, the Judith River fauna, it is clear, is descended from the Jumssic and is the direct ancestor of the 
lAramie. Its relatiolis with the former are not close, and several groups are absent in the one which are present in 
the other. Its relations with the laramie are much closer, as should be expected, considering the stzatigraphic 
position. With one or two possible exceptions, all the families represented in either of these two later deposits are 
present also in the other. Although several genera and species now appear to be common to both these formations, 
it is probable that when more perfect material is available they will be found, in most instances, to be quite distinct, 
thou^ some pertaining to more persistent tyx>es may prove to be identical. In every case where any group of the 
&una has been studied from sufficient material it has been fbund to be represented by distinctly older and more 
primitive types than the related forms from the Laramie.* 

In .a personal conununication to the writer C. W. Gilmore, of the United States National 
Museum, says : 

The more we come to know these faunas the more evidence there is that the Belly River and Judith River 
species are distinct from those of the Lance formation. If the faima of the Belly Riv6r and Judith River were known 
from more adequate material, instead of the fragmentary material now at our disposal, the apparent conflicting evi- 
dence would no doubt largely, if not entirely, disappear. 

A study of the lists of vertebrates reported from the formations under discussion renders 
one of two conclusions inevitable. Either the vertebrates are of little value for close time 
correlation or the identification of the stratigraphic horizon or of the material is at fault. As 
shown in the ''Remarks'' column of Table 6, many of the identifications have been made on 
inadequate and insufficient material, and in this connection the comments of so eminent an 
authority as W. D. Matthew/ which have appeared in print since the tables of this paper were 
prepared, are of special significance. Matthew says: 

Deinodon Leidy is determinable as to family but is not determinable generically, as the genera of carnivorous 
dinosaurs are now distinguished. The same is true of a whole series of genera and species described by Leidy and 
Cope from the Judith River. The treatment of types and referred specimens of these genera by paleontologists as 
specifically distinguishable or identical has sadly misled Dr. Peale in his recent discussion of the vertebrate evidence 
as to the age of the Judith River beds, leading him to present as conclusive evidence of identity in age a correspond- 
ence in fauna, which to those who know the nature of the specimens on which the lists are based is no evidence at all. 

It is also possible that there was a confusion of stratigraphic horizons, especially in the 
assignment of the earher collections, and until the type area of the Judith River formation 
(from which most of the vertebrate remains ascribed to that formation have been collected) 
is mapped in detail on an adequate base of large scale it can not be asserted that all the species 

1 Osborn, H. F., Distinctive characters of the mid-Cretaceous fauna: Contr. Canadian Paleontology, vol. 3, pt. 3, pp. 7, 10, 1902. 

* U. S. Geol. Survey Bull. 257, pp. 101-103, 1905. 

* Osbom and Hatcher here used the term "Laramie" for the formation which the United States Geological Survey now calls the Lance. — 
C.F. B. 

* Matthew, W. D., The laws of nomenclature in paleontology: Science, new ser., vol. 37, pp. 78^702, May 23, 1913. 
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attributed to the formation really belong there. The extensive faulting that has disturbed 
the strata along Missouri River renders it possible, though it is not extremely probable, that 
blocks of the Lance formation may be faulted down among the beds of Judith Biver age and 
that some of the vertebrates collected by Hay den and others ''from the badlands of the Judith" 
may have been obtained from the Lance formation instead of the Judith Biver formation, as 
they supposed. 

SUMMARY AND CONCLUSION. 

Tiie stratigraphic and paleontologic evidence as to the position and age of the Judith 
Biver formation has been presented in the foregoing pages. It is shown in the discussion of 
the stratigraphy that the Judith Biver formation has been traced from areas where its position 
beneath the Beaipaw shale is imdisputed into the western part of the type area (namely, at 
the mouth of Judith Biver) and has been foimd to be identical with the Judith Biver at that 
locality. It has also been shown that at some localities along Missouri Biver, especially on 
Cow (>eek, Stanton and Hatcher foimd the Judith Biver formation overlain normally and in 
flat-lying attitude by the Beaipaw shale, though over most of the area along Missouri Biver 
the Bearpaw has been completely eroded. Similar stratigraphic relations between the Judith 
River and Bearpaw have been observed by the writer between Missouri and Milk rivers in the 
area lying east of the Beaipaw Moimtains. 

Tlie paleontologic evidence shows (1) that the marine sandstone of the Claggett formation 
immediately imderlying the Judith Biver formation at the mouth of Judith Biver is no more 
closely allied to the Fox Hills proper than to the underlying Eagle sandstone, and therefore 
the argument that the Judith Biver formation overlies the Fox Hills is imfounded; (2) that the 
flora of the Judith Biver formation, so far as it has been determined, is of Montana age; (3) that 
the invertebrates of the Judith Biver formation are more closely allied to the Belly Biver than 
to the Lance; (4) that almost all the vertebrates that are common to the Judith Biver and 
Lance are also common to the BeUy Biver and Lance, and hence, if the Judith Biver is to be 
made the equivalent of the Lance on the basis of the similarity of the vertebrat-e fauna, the 
BeUy Biver must on the same evidence also be made the equivalent of the Lance formation; 
(5) that the Ceratopsidae, which form so important an element of the Lance fauna, are gener- 
ically and specifically unlike the representatives of that family in the BeUy Biver and Judith 
Biver faimas. 

The evidence of the vertebrate fauna, so far as in the present state of knowledge it has 
any weight, and the evidence of the fresh and brackish water invertebrates, so far as it is 
'decisive for acctu'ate time determination, indicate a closer relationship between the Belly 
Biver and Judith Biver than between either of these formations and the Lance. This is in 
accord with the stratigraphic evidence, which shows conclusively that both the Judith Biver 
and Belly Biver formations. are separated from the Lance by a marine formation which is of 
undoubted Cretaceous age. 



THE CRETACEOUS-EOCENE CONTACT IN THE ATLANTIC AND GULF 

COASTAL PLAIN. 



By Lloyd William Stephenson. 



INTRODUCTION. 

The Cretaceous deposits of the Atlantic and Gulf Coastal Plain are separated from the 
overlying Eocene and younger formations by an unconformity of regional extent. Several 
authors, including Harris,^ Dall,^ Vaughan,' and HiU and Vaughan/ have briefly described 
this imconformity and have stated some of the important facts in regard to the differences 
exhibited by the faimas on the two sides of the contact. The magnitude of these differences, 
however, has not been sufficiently appreciated by geologists, notwithstanding the published 
statements of the authors cited. Eighteen years ago Harris wrote with reference to the 
Gulf region: 

Between the basal Eocene deposits and the uppennost Cretaceous there is in this section of the country a decided 
break both stratigraphic and faunal, so that not one species is known certainly to have crossed from one formation to 
the other. At or immediately above this line an entirely new fauna makes its appearance upon the scene. 

Fourteen years ago (1900) Vaughan stated in regard to the unconformity along Frio 
River, Tex., th^t — 

These data prove absolutely that there must have been a break in the sequence of sedimentation long enough to 
permit a complete faunal revolution. 

In 1909 Stanton « said: 

The succeeding Tertiary faunas, whether on the Pacific coast, the Gulf border, or the Atlantic Coastal Plain, 
show a very striking change from^ the Cretaceous faunas that immediately precede them. The specific types are 
practically all different. 

The object of this paper is to present additional data bearing on the contact and especially 
to emphasize its importance in the geologic history of the Atlantic and Gulf Coastal Plain. 

TREND OF THE OUTCROP AND NATURE OF THE CONTACT. 

With certain interruptions the imconformity is traceable from New Jersey to the Rio 
Grande and, according to Dumble,* thence far southward into Mexico. In some places the 
contact is overlapped and concealed by Miocene or younger formations, and in others it is 
obscured by weathering and the similarity of the materials immediately below and above the 
unconformity. But for the greater part of the distance, where the contact is not concealed 
by transgressing formations, it is sharp and easily recognizable. The sea in which the basal 
Eocene strata were formed advanced across a land surface which had reached an old or nearly 
base-leveled stage of erosion, as is shown by the almost horizontal or broadly imeven attitude 
of the contact, which, however, presents numerous minor irregularities. Throughout much 

1 Harris, O. D., The Midway stage: Bull. Am. Paleontology, yoI. 1, p. U9, 1896. 

* Dall, W. H., A table of North American Tertiary horizons: U. S. Oeol. Surrey Eighteenth Ann. Kept., pt. 2, pp. 332-335, 1898. 

I Vauglhan, T. W., Reconnaissance in the Rio Grande coal fields of Texas: U. 8. Oeol. Survey Bull. 164, pp. 35, 36, 1900; U. S. Geol. Survey 
Oeol. Atlas, Uvalde folio (No. 64), pp. 2, 3, 1900. 

4 Hin, R. T., and Vaughan, T. W., U. S. Geol. Survey Geol. Atlas, Austin folio (No. 76), p. 6, 1902. 

* Stanton, T. W., Succession and distribution of later Mesozoic invertebrate faunas in North America: Jour. Geology, vol. 17, p. 422, 1909. 

* Duinble, E. T., Tertiary deposits of northeastern Mexico: Science, new ser., vol. 33, pp. 232-234, 1911. 
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of the linear extent of the Coastal Plain clayB, sanc^ or limestones carrying marine invertebrates 
of Eocene age rest upon sands, clays, or marls carrying Upper Cretaceous invertebrates. The 
conglomeratic material at the base of the Eocene is everywhere relatively thin and usually 
consists of a few inches to a few feet of coarse sand or small pebbles with an intermixture of 
rolled chimks from the underlying formation, phosphatic nodules, casts of shells, shark teeth, 
and other fossil remains. Because of the marine origin of the beds below and above the contact 
the conditions are favorable for determining the faunal relationships of the formations. In 
east-central Georgia, northern Virginia^ and the> Potomac Hiver region in Maryland the Eocene 
rests upon Lower Cretaceous deposits. 

The approximate trend of the outcrop of the Cretaceous-Eocene contact and its geographic 

position with reference to the fall line and to trans- 
gressing formations younger than Eocene are indicated 
on the map forming Plate XI. 
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OENERAIilZED SECTTOX IX THE CENTRAL. 
PART OF THE EASTERN GULF REGION. 

A generalized section of the Upper Cretaceous and 
Eocene strata in the central portion of the eastern 
Gulf region is given in figure 13. In the Cretaceous 
section are the Tuscaloosa, Eutaw, and Selma forma- 
tions, named in ascending order. 

The Tuscaloosa is a plant-bearing formation com- 
posed of sands and clays of shallow-water origm. The 
lower part of the formation is correlated by E. W. Berry 
with the Dakota sandstone of the western interior 
region. 

The Eutaw formation is composed of sands, in 
part calcareous and glauconitic, and clays , all of marine 
origin. The upper or Tombigbee sand member of the 
formation (also known as the Mortoniceras subzone) 
carries a purely marine fauna which includes 70 or 
more species. Several lines of evidence seem to show 
with a fair degree of certainty that the Mortoniceras 
subzone is approximately synchronous with the Nio- 
brara formation of the western interior region. 

The Selma chalk has its fullest development in 



FiGUKB 13.— oeneraiJxed section of the Upper Cretaceous and west-central Alabama and east-ceutral Mississippi, and 

Eocene series and their major subdivisions In west^entral Y^i^^Q the formation aS a wholo mav be rOUghlv COrrO- 
Alabama and east-oentral Mississippi i-i*ii^r #t . 

lated with the Montana group of the western mtonor 
region. ThLs chalk formation merges to the east in Alabama and Georgia into nonchalky 
marine sands and clays referred to the Ripley formation, which carries an abundant marine 
invertebrate fauna, and to the northwest and north in Mississippi and Tennessee into similar 
sands and clays referred in part to the Ripley formation and in part to the Eutaw formation. 
Two major faunal zones have been distinguished in the Upper Cretaceous deposits. The 
Exogyra ponderosa zone includes the Tombigbee sand and approximately the lower half of the 
Selma chalk; the Exogyra costata zone includes the upper part of the Selma chalk. These two 
zones are traceable through practically the entire linear extent of the Atlantic and Gulf 
Coastal Plain. In west-central Alabama and east-central Mississippi the Selma is unconform* 
ably overlain by the Midway, an invertebrate-bearing group of marine origin, and in ascending 
order the Midway is succeeded by the Wilcox, Claiborne, and Jackson groups. 
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FORMATIONS IN CONTACT EIiSEWHERE IN THE ATLANTIC AND GUIiF 

COASTAIi PliAIN. 

From a point near Houston, Chickasaw County; Miss., to Tennessee the Midway rests upon 
the Ripley formation; farther north, in Tennessee, Kentucky, and southern Illinois, the deposits 
immediately below and immediately above the Cretaceous-Eocono contact are of shallow-water 
origin and so far as known are barren of invertebrates. From central Alabama eastward to 
central Georgia the Midway rests upon the Ripley formation, in part upon typical marine 
beds and in part upon shallow-water deposits which have been designated the Providence sand 
member of the Ripley formation. 

In east-central Georgia and southwest-central South Carohna the Claibome group of the 
Eocene transgresses northwestward across both the older Eocene and the Upper Cretaceous and 
rests upon the Lower Cretaceous. The Upper Cretaceous reappears in eastern South Carolina, 
and at Wilmington, N. C, the Peedee sand, of the Upper Cretaceous series, is overlain by the 
stratigraphic equivalent of the Jackson, the youngest Eocene division. A little farther north 
deposits correlated with the Claibome overUe the Peedee sand. In northeastern North Carolina 
and southeastern Virginia the Eocene and Cretaceous are entirely transgressed by the Miocene, 
which extends westward to the faU line. Farther north in Virginia the Lower Cretaceous and 
Eocene reappear from beneath the Miocene, and in Maryland the Upper Cretaceous reappears 
from beneath the Eocene. In Maryland the Aquia formation, of the Eocene, which is corre- 
lated with the lower part of the Wilcox of the Gulf riegion, rasts imconformably in part upon the 
Matawan formation and in part upon the Monmouth formation, of the Upper Cretaceous. 
The Monmouth, the younger of the two formations last named, corresponds approximately to 
the Exogyra costata zone of the Gulf region. In New Jersey the Miocene again transgresses 
upon the Upper Cretaceous, although the Shark River marl, of the Eocene, which is probably 
about contemporaneous with the Claibome, appears in Monmouth County, where it rests upon 
the Manasquan formation, of the Upper Cretaceous. 

From the vicinity of Arkadelphia, Ark., southwestward to the Rio Grande, Upper Creta- 
ceous deposits bearing marine invertebrates and roughly corresponding in age to the Exogyra 
costata zone of the eastern Gulf region are overlain almost continuously by marine Eocene 
strata which Harris has correlated with the Midway. The writer's work in southwestern Texas 
has resulted in the discovery of the contact at two localities and its approximate determina- 
tion at several other localities along the Rio Grande and in its approximate determination 
at several places in Uvalde and Medina coimties. In at least one area in southwestern Texas 
the Midway is transgressed by younger Eocene strata. 

CRETACEOUS AND EOCENE FAUNAS COMPARED. 

At no known place between Maryland and the Rio Grande are the Upper Cretaceous deposits 
immediately below the Eocene contact markedly younger than the upper part of the Exogyra 
costata zone of the eastern Gulf region, nor are the Eocene deposits immediately above the con- 
tact older than the Midway. In this connection it should be stated that the Rancocas and 
Manasquan formations of New Jersey, which carry only a meager fauna, are thought to be some- 
what younger than the Exogyra costata zone, and the upper part of the Escondido formation of 
southwestern Texas may be a little younger than that zone, although its fauna is composed of 
strictly Mesozoic types, of which the genus Sphenodiscus is the most striking example. The 
time represented by the imconformity at other places throughout the Coastal Plain is therefore 
approximately equal to or greater than the time represented by the unconformity in the eastern 
Gulf region. As the faunas above and below the contact are best known in the Gulf region the 
available data relating to that region form the chief basis for the statements which follow. 

During the time represented by the imconformity separating the Cretaceous and Eocene 
strata of the eastern Gulf region some very important changes took place in the molluscan 
life of the region. A preliminary study of the faunas has shown that 168 or more species 
belonging to the subkingdom Mollusca existed in the zone of Exogyra costata of the Upper 
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Cretaceous. Of these not a single species is known with certainty to have been found in the 
basal Eocene or Midway formation. Several species of Cretaceous mollusks have been reported 
from basal Eocene beds at different places in the Atlantic and Gulf Coastal Plain, but 
when the records are critically examined more or less uncertainty is found in each record, either 
as to the correctness of the identifications or as to the authenticity of the localities at which 
they were reported to have been found. 

The 168 species of mollusks in the zone of Exogyra costaia represent 89 genera. At least 
20 of the more common of these genera became ^tinct before the Midway formation began 
to be deposited, and these are enumerated in the list which follows. One whole order, the 
Ammonoidea, which included five or more genera, entirely disappeared. 

Genera common in the zone of Exogyra costata ( Upper Cretaceotu)^ which became extinct before the deposition of the Midway 

formation {Eocene). 

Breviarca. Cyprimeria. Belenmitella. 

Nemodon. Legumen. Order Ammonoidea: 

GervilliopfiiB. iBnona. ^ Baculitee. 

InoceramuB. Linearia. Scaphites. 

Exogyra. Leptoeolen. Sphienodiscus. 

Paranomia. Periflsolax. Hamites. 

Liopifitha. Pugnellus. Tuiiilites. 

The genus Trigonia, which is common in the zone of Exogyra coMaia, does not appear in 
the Eocene of the Atlantic and Ghilf Coastal Plain but occurs rarely in the post-^Tretaceous in 
other parts of the world. One genus. Hamulus, belonging to the subkingdom Vermes, or 
worms, became extinct. Some of the smaller forms of life, such as Foraminifera, Bryozoa, 
and Ostracoda, have not been studied critically, and it is not known what changes may have 
taken place among them. However, K. S. Bassler has found that a bryozoan fauna which 
occurs in the Rancocas, the youngest but one of the Upper Cretaceous formations of New Jersey, 
reappears in part with certain varietal changes in the Aquia formation (Eocene) in Maryland. 

Although practically all the species of mollusks in the Midway formation are different 
from those found in the underlying Cretaceous, the number of genera that make their first 
appearance in the Midway is probably less than the number of Upper Cretaceous genera that 
became extinct in the interval represented by the unconformity. However, using Harris's 
paper, already cited,* as principal authority, the writer has been able to note at least seven 
common genera in the Midway that are not found stratigraphically below that level in the 
eastern Gulf region; these are Chama, Venericardia, Meretrix, Mazzalina, Calyptraphorus, 
Mesalia, and Enclimatoceras. Some of these genera are known in the Upper Cretaceous in 
other parts of the world. 

MAGNITUDE OF THE FAUNAIi CHANGES. 

The following comparisons will give some idea of the magnitude of the faunal changes 
that took place during the time represented by the imconformity. The Mortoniceras subzone 
of the Eutaw formation, which is thought to correspond approximately in age to the Niobrara 
of the western interior region, has yielded about 70 species of mollusks representing about 
43 genera. Of these, 40 species and all but two or three of the genera range upward to the 
top of the Cretaceous. During the time required for the deposition of the beds carrying the 
Mortoniceras f aima and the overlying strata composing the Selma chalk and its nonchalky 
representatives, and probably during the time represented by the entire Upper Cretaceous 
section of the Chattahoochee region, the faunal changes were not nearly so great as 
those which occurred during the time that elapsed between the deposition of the upper- 
most Cretaceous strata and that of the lowermost Eocene strata of the area — that is, during 
the time represented by the hiatus — for at the close of the period of deposition 40 out 
of 70 species and all but two or three of the 43 genera stirvived, while at the close of the 

1 Harris, O. D., The Midway atage: Bull. Am. Paleoutology, vol. 1, 156 pp., 15 pis., 1808. 
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period of erosion, out of 168 species representing 89 genera, few if any species survived, and 
20 or more common genera, including one whole order, became extinct. 

T. W. Vaughan, who has a wide acquaintance with the Tertiary and Quaternary faimas 
of the eastern United States, is authority for the ahnost startling statement that 'Hhe changes 
that took place in the marine animal life of the Atlantic and Gulf Coastal Plain during the 
time represented by the imconformity separating the Cretaceous and Eocene of this area are 
more striking than the changes that have taken place between earUest Midway time and the 
present day, for no great orders comparable to the Anmionoidea that lived during Midway 
time have become extinct." 

CRETACEOUS AND EOCENE FLORAS COMPARED. 

The evidence afforded by the Cretaceous and Eocene jQoras is in substantial agreement 
with that supplied by the invertebrates. The following is quoted from a letter received from 
Mr. E. W. Berry, of Johns Hopkins University: 

With regard to the Upper Cretaceous and Eocene floras of the eastern Gulf region, their differences are profound, 
and I believe the unconformity at the base of the Midway represents a very long interval. The last extensive Cre- 
taceous floras in the Gulf region are, of course, a good way from the end of the Cretaceous, but they are totally different 
from the plants collected near Earle, Tex., in beds believed to belong to the Midway formation. Even when com- 
parisons are made between these Midway (?) plants and the Wilcox flora of the Gulf and the late Cretaceous of the 
Rocky Mountain province, the contrast is just as marked, unless you are prepared to call the Denver formation Cre- 
taceous. There are a number of Denver plants in the Gulf Eocene, but I do not recall a single Laramie plant. 

INTERPRETATION OF THE HIATUS. 

In an attempt to explain the differences exhibited by the faunas found in the beds below 
and above the Cretaceous-Eocene contact several factors are to be considered, including 
time, the physical changes that may have caused the extinction or the more rapid evolution 
of the forms of marine Ufe, and the migration of new forms into the area. The unconformity 
that separates these deposits, extending throughout the length of the Atlantic and Oulf Coastal 
Plain of the United States and far into Mexico is, in itself, an evidence both of a considerable 
lapse of time and of great diastrophic movements. The area which was submerged during 
Upper Cretaceous time was elevated and the shore line retreated far to the east and south, 
probably a considerable distance beyond the present shore line and perhaps nearly to the edge 
of the continental shelf. The faunas were thus forced into new environments, which doubt- 
less contributed in part to the extinction of old genera and species and to the development of 
new species. There is, however, little, if any, evidence of marked changes in climate or in the 
temperature of the marine waters. 

There is evidence that after the close of the Cretaceous period as recorded and before the 
beginning of the earliest recorded Eocene deposition some new forms came into the Atlantic 
imd Oulf Coastal Plain province from an outside province or provinces. But the number of 
genera thus introduced is probably relatively small compared with the number of genera 
that survived from the Cretaceous of the same province, though represented by new species. 
The faunal changes are therefore believed to be more largely due to evolutionary development 
from forms that previously existed in the same province than to new elements introduced from 
outside provinces. 

It is pretty generally conceded by paleontologists that evolutionary changes have proceeded 
more rapidly at certain times during the earth's history than at other times; but if this 
quickening of development is admitted the hiatus, in order to produce the observed changes, 
must have been of great duration even when measured in terms of geologic time. How much 
of that time should be classed with the Cretaceous and how much with the Tertiary can not be 
determined with the available data. It is reasonable to conclude, however, that Cretaceous 
time did not end with the deposition of the uppermost Cretaceous strata now preserved, nor did 
Tertiary time begin with the deposition of the lowermost Eocene strata. The line separating 
the two periods probably lies somewhere toward the middle of the hiatus. 
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UNPUBLISHED DETAILS RELATING TO THE CONTACT. 

During the last eight years the writer has had occasion to examine the Cretaceous- 
Eocene contact at many places between Virginia and the Rio Grande in Texas, and some of 
his observations have abeady been published. Many of the localities had been previously 
visited by geologists and the results of their studies put on record. Perhaps the majority of 
the published sections are essentially correct, so that for the present purpose their description 
would be an unnecessary duplication. Several sections in Alabama and Mississippi in which 
the contact is exposed have been incorrectly interpreted, and a restatement of the age and 
structural relations is necessary. New data in regard to the contact in Alabama, Mississippi, 
and Tdxas are also given on succeeding pages. 

EASTERN GtriiF BEGIOK. 

viciNrrr of clatton, ala. 

Langdon ^ mentioned an outcrop of Midway limestone in a cut on the Central of Georgia 
Railway east of Clayton, Barbour Coimty, Ala., as follows: ''Two miles east of Clayton this 
rock may be seen cropping out in ^ cut on the Clayton & Euf aula Railroad [now Central of 
Georgia Railway]." 

Harris studied this section and in 1896 published a description of it,' which is in essential 
agreement with the one here given. Although he recognized the unconformity between layers 
1 and 2 of the section given below, he did not interpret it to be the contact between the Cre- 
taceous and Eocene. In 1910 the writer carefully examined this cut and other exposures 
along the railroad immediately to the east and found what he regarded as the Cretaceous- 
Eocene contact. 

Section in cut of Central o/Oeorffia Railway 1^ miles east of Clayton^ Ala. 

Eocene (Midway group): F«et 

6. Deep-red ferruginous BGuidy grading downward into light-colored, rather fine sand 10-12 

5. Dark to black laminated clay 3-4 

4. Hard foasiliferous limestone (Clayton limestone) in which were recognized Ostrea crenu- 
limarginata Gabb, Ostrea sp., Turritella mortoni Conrad, Turritella sp., and Veneri- 

cardia sp. ; the limestone appears to pass into sand toward the east 5 

3. Fine yeUow, slightly micaceous massive sand with small oysters in the upper part 5-6 

(A few rods east of the end of the cut and 1 or 2 feet lower than the base of layer 
No. 3 the section is continued as follows:) 
2. Strongly ferruginous sand and sandy clay, partly indicated, with small particles of 

lignite and some pyrite or marcasite 1-2 

Sharp, unconformable contact presenting minor irregularities. 
Upper Cretaceous (Providence sand member of Ripley formation): 

1. Greenish-gray compact coarse sand 3+ 

The base of this section is estimated to be approximately 70 feet lower than the railroad 
track at Clayton station. 

In gulUes and cuts within half a mile east of the section just described are exposures of 
coarse, irregularly bedded sands and clays resembling the Providence sand member of the 
Ripley formation, which is typically developed east of Chattahoochee River in Georgia. The 
sands are in part tirkosic, are very coarse, and contain pebbles having a maximum length 
of half an inch or more; they also contain clay balls and some clay bowlders which attain a 
maximtim observed diameter of 1 foot. Interbedded with the sands are lenses of drab sandj 
massive clay, in places mottled and blotched with yellow and purple. liocal imconformities 
are common between the layers and lenses of sand and clay. A thickness of 40 or 50 feet of 
these materials was noted, but the base of the member did not appear in the exposures examined. 

1 Langdon, D. W., jr.. The Tertiary and Cretaceous formations east of Alabama Kiver (in Smith, Johnson, and Langdon, On the geology of 
the Coastal Plain of Alabama, Alabama Oeol. Survey), p. 418, 1894. 

> Harris, O. D., The Midway stage: Bull. Am. Paleontology, vol. 1, No. 4, pp. 149, 150, 1S96. 
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TROT, ALA. 

The contact between the Cret&ceous and Eocene outcrops north of Troy in the northward- 
facing slope of the Conecuh River valley. Figure 14 is a generalized section from the town 
northward to the river, a distance of about 3 miles, showing the relation .^ 

between the Cretaceous and Eocene strata. The details and approxi- ° "tH ^ 
mate thicknesses of the beds are as follows: " l-|:f _ 



Seetton from Troy, Ala., to Conecuh River. 

Eocene (Midw&y group): F«M. 

/. Deep-red weathered nuwsive aanda, fonning the surface- 
materials at Troy, grading downwBrd into leaa weathered 

moeaive eanda 80 

e. Gray glauconitic sand 20 

d. Limestone in which tlie following Ekicene moUuska were 
rect^nized: Oitrea crenulimarginala Gabb, Venericardia 

sp., TurnUlla moTtoni Conrad {Clayton limestone) 15 

c Light-gray maeaive argillaceous sand 30 

Probable uncontonnity. The exact contact between the Creta- 
ceoua and Eocene was not seen clearly exposed in the vi- 
cinity of Troy, but the general relation of the depoeits as 
observed in numerous exposures justifies the belief that the 
contact lies immediately above layer 6 at the point indicated 
in figure 14. 
Upper Cretaceous {Ripley formation): 

6. Drab to yellowish and reddish fine to coarse nnds I 

with interbedded subordinate] lenses and layers o( { 

massive clay, lenses of laminated clay, white clay t 

films and grains, and some clay balls {Providence sand I 

member) 100 | 

a. Dark-gray to block ar^Ilaceous, very micaceous sand or I 
skndy clay, containing fossils in the form of soft casts; ; 
CraaatelliUM pteropt\» Conrad and Brevioica sp. recog- 
nized 30 

Layers a and 6 of the section are exposed along the road leading 
northward from Troy to Orion ; layers d to / are exposed in deep guUies 
at the headwaters of a small branch just north of Troy. 

BRIIXIEPOBT LANDING, ALABAMA BIVKB, ALA. 

Smith and Johnson' in 1887 described in detail the section exposed 
in the bluff at Bridgeport Landing, Alabama River, Wilcox County, 
Ala. With the exception of 10 feet of terrace materials at the top of 
the bluff, the whole section embracing a thickness of about 50 feet 
of strata was assigned by them to the Ripley formation (Upper Cre- 
taceous). 

In 1910 the writer, in company with Dr. Smith, visited this 
landing and found in an indurated layer 10 feet above water level 
the Eocene fossil Enclijnatoceras idrichi White, and a few feet 
higher Venericardia sp. It was at once agreed that the strata 
belonged to the Midway group and that no Cretaceous beds appeared above water level. 
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OLD CANTON LANDING, ALABAUA RIVER, ALA. 

The Cretaceous-Eocene contact is clearly exposed in a bluff on Alabama 
River below Old Canton Landing, Wilcox County, Ala. This section was 
described in ISS7 by Smith and Johnson,' but the contact was not recognized 
and that portion of the section which belongs to the Midway was referred to 
the Ripley formation of the Upper Cretaceous. The locality was visited by 
the writer in 1909 and the results expressed in the section given below were 
J ,. M obtained. In 1910 he again went to the locality, in company with Dr. Smith, 

It" f who concxirred in this interpretation. 

Section at Old CoTi/on Landing, Alabama Siver, Ala. 

PleistoceDe (temc« depoat): Bed femiginous pebbly and witb gnvel y«rt. 
in the lower portion (poorly exposed toward bwe) 25-30 

Unconf onnity . 

Eocene (Hidmy group); The steep slope is largely covered with vege- 
tation, but in the load leading down to the I&nding nodular layera of 
calcareous smdatone ue poorly exposed, and along the bluff below 
the landing, immediately above the contact, is 10 to 20 feet of gieen- 
iiih-gnty, more or lees glauconitic calcareous sandstone, underlain in 
depreomons in the Selma chalk by looee glauconitic gray sand with 
rows of indurated concretionary masses (see Fl. XII), and in places 
rolled lumps of Selma chalk and reworked Ctetaceous foeeila. Along 
the immediate base of the Midway is a gray quartEit«-like rock vary- 
ing in thickness from a film to 1 foot. In the calcareous sandstone 
the following Eocene fossils, identified by C. Wythe Cooke, were ob- 
tained: A coial, Terebtatulina? sp., CucuUwa mffordi (Gabb), Oitrta 
ptilaii^ntit Harris, Turritella sp., Lev^fuiut trabeatui (Conrad] var.? 
(U. 8. G- S. collection MSO); in addition to these the writer recc^- 
nized Venericudia sp. and EndiTnatotxrai uiridii White (M>~106 

Unconformity. 

Upper Cretaceous (Belma chalk): Light-^ray chalky limestone, typical 
in upper part, somewhat sandy below; contains 30 or more character- 
istic species of the Exogyra atslaUi zone of the Upper Cretaceous 3-20 

The strata expoaed in the lower 25 or 30 feet of the bluff exhibit 
numerous minor faults involving both the Cretaceous and Eocene. Figure 
15 is a rough sketch of the structural features exhibited by the rocka ex- 
posed along the face of the bluff. (See also Fl. XIII, A.) 

MOSCOW LANDING, TOHBIQBBK RIVER, ALA. 

The Cretaceous-Eocene contact is well exposed at Moscow Landing, on 
Tombigbee River about 14 miles below Demopolis, Ala. In 1SS7 the beds 
above the contact were referred by Smith and Johnson * to the Ripley for- 
mation (Upper Cretaceous), but in 1910 this mistaken correlation was partly 
corrected by Smith.' This exposure has been examined by T. W, Vaughan, 
E. W. Berry, and the writer, and all agree that the sandstone and con- 
glomeratic lenses occupying depressions in the Selma chalk and overlain by 
strata of imdoubted Midway age are basal Eocene deposits, and not Cretaceous 
deposits, as interpreted by Smith. 

The Eocene sea advancing across an uneven surface planed off the tops 
of the elevations and rapidly filled the depressions. After the hollows were 
completely filled, and while the sea was still shallow, the waves continued for 

'Op.Dlt.,pp. 74-TS, ri. XIX, Sg. 4. SMAboBmltli.JohiHOO, SDdLuwdon.ap.alt., pp.3(a-3H, PLXVI. 

■ 0p.e;t.,pp. 80-Sl, 133, PI. X. Bn b1» Smllli, labnan, ud Lugdon, op. clt., pp. 2T0-1T1, 3SS, SW, PL XVIU. 

I Smith, E. A.,TbeCr*Uc«cms-EDc<n«ct)iiUct: Jour. Oaology, vol. Ig. pp. «(MM, 1910. 
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CONTACT BETWEEN THE SELMA CHALK (UPPER CRETACEOUS) AND 
MIDWAY GROUP (EOCENE) AT OLD CANTON LANDING, ALABAMA 
RIVER, ALA. 




Half .» mlk- n>vlh .^f tl-o .-ro.s.. ■,,; ,.r R.. 

I,>rit/ of tho m,it>Ti,,l, o-ru-.-s ■■ ■ t■•^ 
low.:rm,ist t:">>'no iM, j^,,., t,,,, ,- . . 
thccont,ilru-.it>,>S5ils. Ttio [lasjl M i 
chalk. The cjmerj tjse rt-sts on t-e 
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a short time to plane off the sea bottom and slightly cut down the fillings in the depressions. 
Soon^ however, as the land continued to sink, the deposition of regular massive strata began, 
covering both the truncated elevations of the Selma and the planed-off fillings in the depres- 
sions and producing the appearance of imconformity between the coarse fillings and the 
regularly bedded deposits above. The Cretaceous fossils found in these basal, lensHke sands 
and conglomerates were derived by mechanical mixture from the underlying Selma chalk. 

The following fossils collected from the Midway at Moscow Landing by T. W. Vaughan and 
the writer were identified by C. Wythe Cooke: 

Fossils from the Midway group at Moscow Landing , Tonibighee River, Ala. 



Trochocyathiis hrattl Vaoghan. 
Terebratula (Chlidonophora) sp. 

Terebratalina Bp 

Diaciniflca? sp.... 

CoouUsa ■affordl (Oabb) 

Ostna polaskends Haitu 

CraaBat«Ult«s gabbi (Saflord)? . . . 



Colleotlonof 

L. W. 

Stephenson 

(U.S. 0.8. 

£585). 



X 
X 
X 
X 



CoUectionofj 

T.W. 

Vaa^ian 

(U.8.O.S. 

5658). 



X 
X 



CraflBateUJtes ap 

Venericardia sp 

Turritella homeroaa Conrad rar.? . 

TurrlteUa mortonl Conrad 

Vermetuasp 

EncUmatoceraa ulrichl White 



CoUectionof 

L. W. 
Stephenson 
(U.8.O.8. 

5585). 



X 
X 
X 



X 
X 



CoUeettanof 

T.W. 

Vaughan 

(U. 8. 0. 8. 

5658). 



X 
X 
X 









Midway ^poup 
(focene) 

Selma chalk 
(Upper Cretaceou^ 



■ «<^ ifa l »i*^Ji 5$ 



VICINrrY OF LIVINGSTON, ALA. 

• 

Southwest of Livingston, Sumter County, Ala., the Midway (Eocene) rests unconformably 
upon the Sebna chalk (Upper Cretaceous). Here, as at Moscow Landing, Old Canton Landing, 
and elsewhere in west- 

central Alabama, w. C 

strata of the Midway 
group were mistaken 
for the Ripley forma- 
tion by Smith* and 
his assistants. The 
section represented 
by figure 16 expresses 
the writer's interpre- 
tation of an exposure 
on the Curls station 
road, half a mile 
southwest of the 
courthouse and just 

west of Sucamochee ^^^^^^ 16.— section showing Cretaoeoiia-Eooene contact on Curia station road half a mOe soathwest of the 

ooorthoose at Livingston, Ala. For details of section see text. 

Creek. In one of his 

trips to the locaUty (in 1910) the writer was accompanied by Dr. Smith, who concurred in 
this interpretation so far as it relates to the beds immediately below and above the contact. 
The details of the section are as follows: 

Section on Curls station road southwest of Livingston^ Ala, 

Pleistocene (terrace deposit): Feet. 

h. Alluvial sand and clay 10 

Unconformity. 
Pleistocene or Eocene: 

g. Poorly exposed red ferruginous sand, grading down into coarse grayish sand (weathered 

phase of Midway or Pleistocene terrace deposit) 30 



I 
I 
I 
I 
I 
I 

I 
I 

^' 

I 
I 
I 
I 
I 

I 

I 

I 




I ^ eoo'^ 



1 Smith, E. A., Johnson, L. C, and Langdon, D. W., Jr., Qeologic map of Alabama, Alabama Geol. Survey, 1894. 
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Eocene (Midway group): ^•®*- 

/. Dark shaly calcareous clay 4 

e. White massive limestone, apparently a chalk; contains Foraminifera. Weathers in con- 

choidal fragments 6 

d. Massive argillaceous sandy limestone; contains the Midway Eocene fossils Area sp. and 
Ostrea jniUuikensis Harris, the latter becoming numerous toward the base. In the basal 
portion occur phosphatic nodules and phoephatic casts and some shells of Upper Creta- 
ceous fossils, present as a mechanical mixture, as follows: Exogyra oostata Say, Gyrodes 

sp.jPyropsissp., Baculites sp., Hamitessp 4 

Contact obscure, owing to similarity of materials above and below the unconformity. 
Upper Cretaceous (Selma chalk): 

c. Massive aigillaceous chalky limestone 6 

6. Concealed 14 

a. Chalky limestone similar to layer e; contains Exogyra oostata Say 1 

In company with Dr. Smith the writer made a trip by way of the Ramsey road from 
Ldvingston to Simiterville, a small village situated about 10 miles west of north of Livingston. 
After crossing Sucamochee Creek within half a mile of the courthouse greenish clays — the 

Sucamochee clay of 

5. 

3(^ 



N. 



lO- 



Midway group 
(Eooen^ 



the Midway group — 
were observed at in- 
tervals in road expo- 
sures for a distance of 
4 or 5 miles. At a 
crossing of Sucamo- 
chee Creek about 5 
miles from Livingston 
the Cretaceous- 
Eocene contact was observed where the stream had cut through the Eocene into the under- 
lying Selma chalk. Figure 17 and the subjoined section show the relations of the deposits 
as observed. The thicknesses given in the section are approximate. 




^-Crgbxceous-Eboene contact 

Lines of phosphatic casts 
Selma chalk 
(Upper CnetBceoufl^ 



FiouBX 17.— Section showing Crataoeotts-EooeQe contact on Snoamochee Creek 5 miles northwest of 

Livingston, Ala. 



Section on Sucamochee Creek 5 miles northwest of Livingston^ Ala. 



Feet 
10 



d. Concealed by vegetation 

Eocene (Midway group): 

c. Sandy limestone 8-10 

h. Coarse phosphatic sand with Cretaceous fossils, principally casts, mechanically derived 

from the underlying Selma chalk IJ 

Sharp undulating contact. 
Upper Cretaceous (Selma chalk): 

a. Massive chalky limestone. A line of phosphatic casts of Cetaceous fossils is cut off in 
places by the unconformity, and a similar line of casts occurs a litUe lower in the 
section 10-12 

The Cretaceous-Eocene contact was observed at several places within 2 or 3 miles north- 
west of this locality, and at one place phosphatic casts of Cretaceous fossils mechanically included 
in the base of greenish clays (Sucamochee clay) were noted. Sucamochee clay was observed 
overlying the chalk to a point within 2 or 3 miles of Sumterville, the base of the clay grad- 
ually rising to the north and the clay finally feathering out south of Sumterville. These obser- 
vations show that northwest of Livingston the Sucamochee clay of the Midway group trans- 
gresses the older sandy and calcareous beds of the Midway, and south of Sumterville these 
beds are entirely overlapped and the clay rests directly upon the Selma chalk. 



VICINITY OF SCOOBA AND WAHALAK, MISS. 

The town of Scooba, Kemper Coimty, Miss., is tmderlain by the Sucamochee clay of 
the Midway group of the Eocene. Several poor exposures of greenish clays were observed ia 
the streets and along the roads in the vicinity of the town, and a poor exposure of similar clay 
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was noted along the Mobile & Ohio Raikoad, 1 mile north of town. Clays of the same character 
overlain by 5 to 10 feet of sand of imdetermined age (probably Eocene) were observed at 
intervals along the Giles road for a distance of 2 J miles east of Scooba. 

Three miles east of Scooba, where the road descends into a small valley, 6 feet of compact 
gray limestone belonging to the Selma chalk (Upper Cretaceous) appears in the roadbed and 
is overlain by 6 feet of residual sandy clay (Sucamochee). From the chalk were obtained 
Exogyra costcUa Say, Gryphsea sp., Pecten venustus Morton, PUcatula sp. nov., and lima sp. 
From this point to a place within half a mile of Giles, a small village about 6 miles east of 
Scooba, greenish clays overlain by a few feet of yellow sands, probably of Midway age, are 
exposed at intervals. Half a mile west of Giles the section represented in figure 18 was exam- 
ined and found to contain the following beds: 



Section half a mile west of Giles, Miss. 

Eocene (Midway group) : 

b. Yellow sand, grading down into greenish-gray sandy sticky clay (Sucamochee clay). 
Unconformity. 
Upper Cretaceous (Selma chalk) : 

a. Gray argillaceous chalky limestone, containing Ostrea plumosa Morton 



Feet 
5 



10 



A few feet of sand corresponding to layer I in this section appears in the public road to 
a point about 3^ miles east of Giles. In places this sand is imderlain by 10 feet or more of 
greenish clays. A mile and a quarter east of Giles the Selma chalk appears in a bald spot 
and is overlain by the greenish clays. The chalk yielded Ostrea larva Lamarck and Gryphsea 
sp. The Selma is also exposed in a bald spot in the road about 3^ miles east of Giles, and 



w. 



E. 



10 



Crataooous-Eooene oontaust 




(Eiocene) 

Selma chalk 
(Upper Crstaceou^ 
' I ' I ■ I ■ I ' I ' I ' I ' I |] 

•400^ 7 -» — — i 

FiouBE 18.— Section showing Cretaoeous-Eooene contact half a rnOe west of Giles, 5| miles east of Scooba, Kemper Coonty, Miss. 

here were found Ostrea larva Lamarck and Ostrea plumosa Morton. Beyond this point to the 
east the Midway covering thins out and disappears and the surface materials consist of residual 
clays derived from the Selma chalk. About 10 feet of typical massive limestone of the 
Selma chalk is well exposed in the banks of a dry branch a short distance west of Ivy, Smnter 
County, Ala. 

A trip was made from Scooba northward along a road which joins the Wahalak-Binnsville 
road in the Wahalak Creek valley about 6 miles from Scooba. Numerous exposures of greenish 
clay (Sucamochee clay) of the Midway group were observed to the crest of the steep slope over- 
looking the Wahalak Creek valley. In the road leading down the slope the following section 
is revealed: 

Section in public road about 6 miles north of Scooba, Kemper County, Miss. 

Eocene (Midway group) : Feet. 

3. Greenish weathered clay (Sucamochee clay) 10 

Unconformity. 

Upper Cretaceous (Selma chalk) : 

2. Massive chalky limestone, containing phosphatic casts of characteristic Upper Creta- 
ceous fossils (Exogyra costata zone) in the upper 10 feet 60 

1. Very sandy limestone, constituting an arenaceous phase of the Selma chalk 60 

The Minnie Portis Spring is a quarter of a mile north of the post office at Wahalak, 
Kemper County, Miss., in a small branch which has cut its valley 25 or 30 feet below the upland 
level. The surface materials at the spring and in the immediate vicinity are the greenish 
clays belonging to the Sucamochee clay, of the Midway group. This clay is closely imderlain 
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by fossil-bearing calcareous sandy clays, also belonging to the Midway, as shown by the following 
log of a shallow dug well in a small branch valley a few hundred yards east of the spring. The 
log is based in part on an examination of the materials thrown from the well and in part on 
oral statements by Mr. D. W. Portis. 

Log of well near the Minnie Portis Spring , Wahalak, Miss. 
[Fonflfl idflntlfled by C. Wythe Cooke.] 

Depth. 



ICidway erou 

3. Yellov^ah clay 

2. Light greealab-gray, very calcareous sandv clay, containing Ostrea jntkukefuit Harris (U. 8. O. S. collection 6571). . . 10 15 

1. Bluish-gray, voy ^careousjclay, less weauiered than'the iveoeding, containing OHrea puUukefuii Harris (U. B. 0. 8. 
coUectlon6571) 




Feet. 
5 



21 



The fact that Hamvlus onyx Morton, a Cretaceous fossil, was found associated with Ostrea 
pyJashensis Harris in layer 1 of the section doubtless shows that the Selma chalk closely 
underlies the Eocene and that this Cretaceous fossil was mechanically intermingled with the 
Eocene oysters. 

Crider ^ has noted the occurrence of Selma chalk along the bed of Wahalak Creek in the 
vicinity of Wahalak. He says: 

Three milee north of Scooba the western border of the Sehna chalk outcrop is seen in a series of hills forming the 
south bank of Wahalak Greek. The bottom of the creek here is about 1) miles wide, with the steeper slope on the 
south side. The creek has channeled its bed into the white Selma chalk, which outcrops continuously throughout its 
course. The Umestone occurs in the bed of the creek to a point 6) or 7 miles northwest of Wahalak, but the overl3ring 
Porters Creek clay is present on the higher land on both sides of the creek. 

On the low range of hills south of Wahalak Creek, beginning near the Mobile & Ohio Railroad track and extending 
eastward, is a bed of sand rock 10 feet thick capping the tops of the hills. It is a coarse-grained sandstone cemented 
with lime carbonate and contains numerous little bivalve shells. It is similar to sandstone found 7 miles east of Sucar- 
noochee and doubtless represents the lowest beds of the Ripley formation. 

'Although the writer has not seen the calcareous sandstone mentioned in the second para- 
graph quoted, Crider's statement that it contains numerous small bivalve shells suggests that 
the rock is the basal calcareous portion of the Midway group, which in western Alabama carries 
large numbers* of Ostrea pulasJeensis Harris, doubtless the fossil he noted. 

On the geologic map accompanying Crider's report the Ripley formation (Upper Cretaceous) 
is represented as outcropping in a narrow area southwest of a northwesterly line passing through 
Scooba. The Selma. chalk is represented as outcropping northeast of the same line. The 
observations just recorded show that the Ripley is absent in this area and thajb the Midway 
group (Eocene) — ^probably the Sucamochee clay — transgresses the Selma chalk for 5 to 10 
miles to the northeast and east of Scooba. 

Although on the map Crider represents Scooba as situated in the Cretaceous area, in his 
text ^ he states that the town is in the Flatwoods area, which is underlain by the Midway group. 
This and other statements in Crider's text show that with the exception of his reference of the 
relatively thin calcareous and sandy basal beds of the Midway to the Ripley formation his 
interpretation of the stratigraphy of the area was correct. 

VICINITY OF SHUQUALAK, MISS. 

The Flatwoods, which are underlain by the Sucamochee clay of the Midway group, are 
well developed immediately west of Shuqualak, Noxubee County, Miss. North of the town 
several poor exposures of Sehna chalk (Upper Cretaceous) were observed in the Macon road, 
and in a field west of the road 1 mile north of town the Selma chalk is fairly well exposed in 
several bald spots; here were found the characteristic Upper Cretaceous fossils Ostrea plumosa 

1 Crider, A. F., Geology and mineral resources of MiasiaBippi: U. S. Oeol. Survey Bull. 283, pp. 18, 79, 1906. ^Idem, p. 78. 
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Morton, GrypTisea vomer Morton, and Pecten venustus Morton. The town of Shuqualak is 
therefore situated about on the boundary between the Cretaceous and Eocene. 

The Cretaceous-Eocene contact was found in the Macon-De Kalb road about half a mile 
north of the crossing of Running Water Creek and about 4 miles northwest of Shuqualak. The 
exposure is a bald spot on the southward-facing slope of a small branch and reveals the following 
section: 

Section in Macon-De Kalb road about 7} miUa south of Macon^ Miss,, and half a mile north of the crossing of Running 

Water Creek. 

[Midway fonlls Identified by C. Wythe Cooke.] 



• 



Eocene (Midway group): Feet 

3. Darky greenish-gray compact calcareous clay containing Foraminifera and in the lower 3 

to 5 feet laige numbers of Ostrea pulaslensis Harris (U. S. G. S. collection 6582) 8 

2. Moderately hard bluish-gray, somewhat sandy and aigillaceous limestone. The upper 2 
feet is a little harder than the lower portion and contains the following Eocene (Midway) 
species: Ouculbea saffordi Gabb?, Venericardia aUicostata Conrad, Twrritella mortoni Con- 
rad (U. S. G. S. collection 6581). The basal portion weathers soft and a little shaly and 
contains Oryphaea vomer Morton?, probably a Cretaceous fossil derived mechanically 

from the underlying Selma chalk 6 

Unconfonnity indicated by some reworking of layer 1 in layer 2 and by boiings in layer 1 filled 

by the darker materials of layer 2. 
Upper Cretaceous (Selma chalk): 

1. Gray, very hard, slightly sandy and argillaceous massive chalky limestone. Baculitee sp. 
was found loose on the surface near the upper part of this bed 4 

Owing to the close lithologic resemblance between layers 1 and 2 of the section the contact 
is inconspicuous and requires close scrutiny to discover it. A view of the exposure is given 
in Plate XIII, B. 

NORTHWEST OF MACON, MISS. 

The position of the Cretaceous-Eocene contact was approximately determined in an exposure 
on Horse Creek, a quarter of a mile north of Benjamin Taylor's store and 12 or 13 miles north- 
west of Macon, Noxubee County, Miss. The creek bank reveals 20 feet of massive, compact 
argillaceous, slightly siUceous chalky limestone belonging to the Selma chalk. The upper 2 
feet of the rock is perforated with borings filled with gray calcareous clay. Weathered out 
in the soil on the slope just above the exposed beds of the Selma were found the following 
Eocene (Midway) fossils (identified by C. Wythe Cooke) : A coral, CucvllsRa saffordi Gabb ?, 
Ostrea fuLaakensis Harris, Turritella sp., Natica (2 species), Xenophora sp., Cylicna? (cast), 
and Pleuratoma? (cast) (U. S. G. S. collection 6572). The perforated portion of the chalk was 
doubtless immediately below the contact with the overlying Midway. 

STABKVILLE, MISS. 

The Selma chalk is exposed in guUies on the campus of the Agricultural and Mechanical 
College, near Starkville, Oktibbeha County, Miss., and these exposures have yielded 37 or more 
species of characteristic Upper Cretaceous fossils (from the Exogyra costata zone). A short 
distance north of the campus, in the Mayhew road about If miles east of Starkville, the fol- 
lowing section is exposed: 

Section in Mayhew road H miles east of Starkville, Miss. 
Upper Cretaceous: 

Selma chalk: Feet 

3. Moderately sandy and aigillaceous chalky limestone, with many fossils 26 

Ripley formation: 

2. Gray, finely micaceous, somewhat calcareous sand, with a few slightly indurated 

ledges 20 

1. Moderately sandy, ver>' calcareous clay 4 
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The writer * has shown that the chalky limestone revealed in gullies on the campus is a 
northward-extending tongue of the Selma and is stratigraphically higher than a long tongue of 
the Ripley formation which extends southward from Chickasaw County and apparently 
pinches out in Noxubee County. W. N. Logan * correctly referred layer 2 of the Mayhew road 
section to the Ripley formation, but he regarded the sand as overlying the limestone (layer 3) 
and as constituting an outUer of the Ripley. 

Stark ville is located on the Cretaceous-Eocene contact, which is exposed in cuts of the 
Illinois Central Railroad southwest of the station. The following succession of strata appears 
in a cut a quarter of a mile southwest of the station: 

Section in cut of Illinois Central Railroad a quarter of a mile southwest of the station at Starkville, Miss, 

Eocene (Midway group): Feet. 

4. Weathered brown, finely micaceous sandy clay 6 

3. Thinly stratified fine gray micaceous sand with yellow and brown streaks 7 

2. Concealed 2 

1. Greenish-gray to olive-green tough clay 1 

The beds described in the section were referred by Logan " to the Lafayette formation, 
but the writer does not hesitate to correlate them with the Midway group of the Eocene. They 
constitute the eastward feather edge of the Midway, the main outcrop of which begins within 
less than li miles southwest of Starkville along this railroad.' 

From the cut southwestward the railroad track descends a rather steep grade, and half 
a mile from the station 6 feet of massive chalky Hmestone (Selma chalk) overlain by 2 feet 
of yellow residual clay is exposed in a shallow cut. A cut li miles southwest of the station 
reveals 4 or 6 feet of grayish to greemsh-gray hard sandy residual clay, probably a weathered 
phase of the Sucamochee clay of the Midway group (Eocene). The actual contact between 
the Cretaceous and Eocene was not observed in this vicinity. 

VICINITY OP HOUSTON, MISS. 

A cut of the Mobile & Ohio Railroad (Houston branch) at Houston, Miss., reveals the 

following section: 

Section in cut of Mobile dr Ohio Railroad at Houston^ Miss. 

Eocene (Midway group?) : Pe©t. 

4. Beeidual yellow sandy ferruginous clay 7 

3. Gray massive^ compact calcareous glauconitic, somewhat aigillaceous, finely micaceous 

sand 5 

2. Yellow loose ferruginous sand with scattered white grains of arkose?, poorly exposed 4 

Sharp contact. 

Upper Cretaceous (Selma chalk): 

1. Gray massive, very calcareous glauconitic, finely sandy clay resembling an impure phase 

of the Selma chalk 2 

Bacuhtes sp., probably derived from layer 1 of the section, was found on the dump &t the 

end of the cut. 

The Cretaceous-Eocene contact is exposed on the old Houlka roed IJ miles north of 
Houlka, as described in the following section: 

Section in the old Houlka road H miles north of Hofuston^ Miss, 

Eocene (Midway group): Feet. 

7. Yellowish hard calcareous glauconitic sandstone 7 

6. Dark-gray aigillaceous glauconitic compact calcareous sand, containing Ostrea pulaskensis 
Harris 3 

5. Greenish-gray calcareous sandstone } 

4. Compact red and yellow fine micaceous sand 1 

3. Reddish, rather coarse sandstone J 

2. Yellow, rather fine stratified mealy sand 1 

Sharp contact. 

Upper Cretaceous (Selma chalk): 

1. Compact gray argillaceous limestone 2 

1 IT. S. Qeol. Survey Prof. Paper 81, p. 17, PL IX, 1914. > Mississippi Agr. and Mech. Coll. Bull., vol. 1, No. 2, p. 30, 1904. > Idem, p. 35. 
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CRETACEOUS-EOCENE CONTACT IN CUT OF ST. LOUIS 4 SAN FRAN- 
CISCO RAILROAD' 1 MILE EAST OF NEW ALBANY, MISS. 
The contact is beneath the indurated layer. 




B. POTHOLES IN BASAL LIMESTONE OF THE MIDWAY FORMATION ON 
THE RIO GRANDE 1 MILE BELOW WHITE BLUFF, MAVERICK COUNTY, 
TEX. 

About 4 miles above the Webb County line. 
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A cut of the New Orleans, Mobile & Chicago Railroad 3 miles north of Houston reveals 
about 8 feet of light-greenish to yellowish nodular limestone containing large numbers of Ostrea 
palasJcends Harris (U.S.G.S. collection 5587; identified by C. Wythe Cooke) in the upper 4 feet, 
overlain by 8 feet of tough yellowish and greenish clay, probably residual from the limestone; 
this rock belongs to the Midway group of the Eocene. 

In the main pubUc road 1 to IJ miles south of Houston reddish and yellowish ferruginous 
sands and clays, probably belonging to the Midway group of the Eocene, were observed over- 
lying with a sharp unconformity the massive argillaceous chalky limestone of the Selma chalk, 
which in places contains numerous characteristic Upper Cretaceous fossUs (Exoffyra costata zone). 

The weathered representatives of the sands and clays of the Midway at 'Houston extend 
eastward above the Selma, capping the tops of the hiUs for a distance of at least 2 miles. 

VICINITY OF PONTOTOC, MISS. 

A deep cut of the New Orleans, Mobile & Chicago Railroad about half a mile south of the 
station at Pontotoc, Miss., reveals nearly 50 feet of reddish, yeUowish-brown, and grayish 
glauconitic sands belonging to the Ripley formation (Upper Oetaceous). In a stratum of 
massive coarse yellowish-brown glauconitic sand, 15 to 20 feet below the top of the section, the 
following poorly preserved characteristic Upper Cretaceous fossils (Exogyra costaia zone) were 
recognized: Exogyra costata Say, VenieHa, conradi (Morton), Cardium tippanum Conrad. About 
30 feet of similar sands are exposed in a ballast pit along the same railroad about 2) miles 
northwest of Pontotoc. 

From a point a short distance west of the old right of way of the New Orleans, Mobile & 
Chicngo Railroad, which lies a mile or more west of the present right of way, southwestward 
for several miles the public road passes over light-yellowish clays which are probably weathered 
residual materials derived from the Sucarnochee clay of the Midway group. 

The Cretaceous-Eocene contact was not found well exposed in the vicinity of Pontotoc, 
but the data just given indicate that the boundary Ues about a mile west of the railroad station. 

VICINITY OF NEW ALBANY, MISS. 

The town of New Albany, Union Coimty, Miss., lies about a mile west of the outcrop of 
the Cretaceous-Eocene contact. The relations of the two series are weU exhibited in a cut of 
the St Louis & San Francisco Railroad 1 mile east of New Albany. (See PL XIV, A.) 

Section in cut of St. Louis & San Francisco Railroad 1 mile east of New Albany ^ Miss. 

Eocene (Midway group): Feet. 

6. Weathered red f erruginoiis azgillaceoi2s sand 12 

5. Yellowish-brown ferruginous sand with masses of small irregular to roundish iron concre- 
tions, apparently arranged in lenses 7 

4. Weathered yellowish-brown ferruginous sand 9 

3. Yellow massive, somewhat sandy limestone, containing the Midway species Venericardia 

. sp. and Twrritella mortoni Conrad (U. S. G. S. collection 6673; identified by C. Wythe 

Cooke). Mechanically included in the base of the limestone were found the following 

Upper Cretaceous fossils: Pecten argUlensis Conrad, Crassatellites sp., and Cardium 

tippanum Conrad 6 

2. Yellow, very calcareous, sand J-1 

Upper Cretaceous (Ripley formation): 

1. Dark-gray massive, very compact azgillaceous sand with a few poorly preserved specimens 
of Exogyra costata Say, Pecten argUlensis Conrad, and Baculites sp 5 

SOT7THWESTEBN TEXAS. 
MAVERICK COUNTY. 

Roemer * in 1848 discussed the geographic position of the Cretaceous-Eocene contact in 
Texas as follows: 

An ideal line drawn from Presidio de Rio Grande on the Rio Grande in a northeast direction, and crossing the San 
Antonio River at the town of the same name, the Guadalupe at New Braunfels (the German settlement), the Colorado 

1 Roemer, Ferdinand, Contributions to the geology of Teras: Am. Jour. Sci., 2d ser., vol. 6, p. 21, 1848. 
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at Austin, the Brazoe at the falls of this river, the Trinity below its forks, and reaching from there to the Red River 
in the same northeast direction, divides the Tertiary strata and the diluvial and alluvial deposits (of the level and 
"rolling'' part of the country) from the Cretaceous and older formations (of the hilly and mountainous sections). 

In 1889 Penrose* stated, with reference to the Cretaceous along the Rio Grande: 

It may be said, however, that Cretaceous fossils have been found at Eagle Pass, and from there down the river to 
the Webb County Une are found great quantities of anmionites and other fauna of that epoch. In fact, it is not until 
we reach a point 3 miles below the northwest comer of Webb County that true Tertiary (or Laramie) forms are found. 
Supposing the Cretaceous and Tertiary parting to cross the river at this point, we would do away with the much mooted 
question of the westerly extension to Las Moras Creek, above Eagle Pass, as drawn by Loughridge, Conrad, and others, 
and the slight deflection to the west could easily be accounted for by the supposition of an embayment on the Rio 
Grande at the time of the deposition of these strata, simUar to that which existed at the same time on the MissisBippi. 
Roemer makes the line of parting across the Rio Grande at Presidio de Rio Grande, 10 miles above Laredo, while Schott 
refers to all the country from the mouth of the Pecos to the Gulf of Mexico as the ''Cretaceous basin of the Rio Bravo ** 
(Rio Grande). It seems probable now, so far as can be judged without a further study of the fossils, that Roemer was 
nearer right than the others, and that, as has been pointed out by Hill, the line as drawn by Conrad was based on 
certain Tertiary fossils which had been misplaced in the collection. ' 

At a point 5 miles below Las Cuevas Creek are the Angostora Rapids. These are caused by a reef of oyster shells, 
of the sUme kind as mentioned above, which run across the river and are covered on either bank by the same gray or 
bu£f sandstones. For 16 miles below here, by river, we find almost uninterrupted outcrops of similar deposits of desic- 
cated and indurated sands and days, containing many ammonites and other forms similar to those found at the Cre- 
taceous exposure in Anderson County. At this point we come to what is known as Las Isletas. The river is a half 
mile wide and very shallow. It is full of small islands, consisting of sand bars and covered by mesquite and cane. 
The bottom of the river is rocky and causes almost continuous rapids for 5 miles. 

For 12 miles below Las Isletas, and to a point 3 miles below the north Une of Webb County, we see many outcrops 
of a formation simibir to those already described and with similar fossils. But here the fauna changes and the character 
of the strata becomes more glauconif erous. 

Dumble ' in 1892 discussed the same section as follows: 

From this point [10 miles below Eagle Pass] to the falls of the Rio Grande, just above the Webb County line, the 
exposures are but repetitions one of another — ^brown, bu£f , blue, or green clays, with sandstones, sometimes friable and 
sometimes so indurated as to be semiquartzites. Abundant fossils, consisting of anmionites (Placenticeras), oysters, 
and gastropods, are found. The rapids (or falls of the Rio Grande), which continue almost to the line between the 
two counties, are formed by the edges of some of these anmionite-bearing beds as they pass below water level. From 
this point to Webb Blu£f, a distance of 3 miles, no fossils were found; but there was no change in the lithologic charac- 
ter of the rock materials, nor could the clays at the base of the Webb Blu£f section be distinguished in any way from 
those observed at the rapids above. 

Webb Bluff section. 
Gravel. Feet. 

Sandstone, white and glistening, with mica and some little iron; calcareous sandstones; clay, with 

cannon-ball concretions; and small seam of grahamite 30 

Greensand marls with many Tertiary fossils; nodules of carbonate of lime; specks of glauconite . . 7-8 
Stiff, plastic dark-greenish or blue clay, jointed 10 

• 

We have, therefore, only 3 miles in which there can be any room for deposits intermediate between strata con- 
taining fossils of recognized and decisively marine Cretaceous forms and those containing marine Eocene forms. The 
average dip does not exceed 100 feet per mile, and we saw nothing in any of the exposures on either bank of the river 
in this space to indicate a change until we reached Webb Bluff itself. The entire appearance of the upper portion of 
this bluff was so different from that of the materials we had been examining for the three previous days that it was 
remarked even before we landed. 

Vaughan* in 1900 said, with reference to the location of the contact in Maverick County, 
Tex. : 

It is at about the point where the forgoing section was made [4) miles above mouth of San Ambrosia Creek] that 
the southern fence of the India ranch pasture is reached. This fence is, according to the statements of a colored 
cowboy, between three-fourths of a mile and a mile above the Webb-Maverick county line. Just beyond this 
fence, within the India ranch pasture, hematitic concretions containing Venerioardia alticostata Conrad and a species 
of Glycymerifl (Pectunculus) of the type of G. staminea (Conrad) were found in the clays. A little farther up the river 
was a large mass of sandstone resting on the clays and containing beautiful specimens of TurrUella mortoni. The sand- 
stone was so hard that no attempt was made to get the shells out. 



1 Penrose, R. A. F., Jr., Geol. Survey Texas First Ann. Kept., pp. 38-41, 1889. 

s Dumble, E. T., Geol. Soc. America Bull., vol. 3, pp. 228, 229, 1892. 

> Vaughan, T. W., Keconnaissance in the Rio Grande coal fields of Texas: U. S. Geol. Survey Bull. 164, pp. 38-^9, 53, 1900. 
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From 1^ to 2 miles above the fence referred to the thinly bedded sands and clays are seen to be underlain by thinly 
bedded sands, passing downward into thin ledges of soft sandstone. 

This has carried the Eocene to a point at least 2 to 3 miles above the Webb-Maverick county line. The horizon of 
the Eocene is Midwayan. The following five species of fossils were collected [list revised by Mr. Vaughan]: 

Turritella mortoni Conrad. 
Ostrea crenulimaiginata Gabb. 
Glycymeris (Pectunculus) sp. indet. 
Venericardia planicosta Lamarck (var.). 
Venericardia perantiqua Conrad?. 

Harris has identified from the Dumble-Penrose collection made 3 miles below the Webb-Maverick county line 
fossils that are probably Midwayan^ lower Eocene, but the writer has been unable to obtain a list of the species 
found there. Harris * says: "We should note the peculiar fauna, Midway, in part at least, found by Dr. White 18 miles 
southeast of Eagle Pass. It consists of CucuHssa macrodonta (perhaps aaffordi), Pectunculus, and Venericardia. The 
shelly matter of these species is completely crystallized. The matrix was evidently a calcareous light sand or 
sandstone.'' 

* * « * * « « 

From the foregoing discussion of the Eocene-Cretaceous contact and from the sections of the Eocene it has already 
been made evident that there is not yet sufficient data to trace accurately the boundary between the Cretaceous and 
the Eocene. This boundary crosses the Rio Grande some miles, at least 4 or 5, above the north line of Webb Coimty ; 
it runs northeastward 1 or 2 miles northwest of India ranch, and passes some 16 miles west of Carrizo Springs. From 
here the boimdary continues northeastward and crosses the Nueces River about the north line of Zavalla County. It 
continues north of east to the Frio River, crossing that stream 2 miles below the Engelmann ranch, and 5 miles, in a 
straight line, north of the south line of Uvalde County. The last-mentioned point is tl^e only absolutely determined 
contact. The others are supposed or inferred from the data at hand. 

In 1903 Dumble ' took exception to Vaughan's statement in regard to the exact geographic 
position of the exposures from which he (Vaughan) obtained certain Eocene fossils and endeav- 
ored to show that these exposures were probably close to Webb Bluff. 

Additional statements with reference to the Cretaceous-Eocene contact along the Rio 
Grande were made by Dumble' in 1911 as follows: 

Major Emory, in the first part of the Boundary Survey report, on page 68, gives a description of Las Isletas and 
the falls of the Rio Grande, with a full-page illustration opposite. This description would indicate that the falls of 
the Rio Grande and Las Isletas were the same. The truth is that Las Isletas is located about the mouth of Castano 
Creek, while the falls are some 4 miles lower down the river, just below the mouth of Caballero Creek. 

It will thus be seen that our collections were made from localities directly on the line of travel of the Boimdary 
Survey party, and it seems highly probable that the original specimens described by Conrad were in reality obtained 
from these same beds. 

The horizon is the uppermost portion of our Escondido beds. The fossils are among the latest Cretaceous forms 
of which we have any present knowledge in this region. 

The Cretaceous-Eocene contact is well shown 3 miles below Toro Colorado, just above the falls of the Rio Grande 
and on Caballero Creek. 

The only other records I can find of any of these forms are as follows: 

Prof. G. D. Harris, in " The Tertiary geology of southern Arkansas," gives a list of fossils collected by Dr. C. A. 
White, in 1887, at his camp 18 nules southeast of E^gle Pass, Tex., which were supposed to be basal Tertiary. Among 
these there is a Cardium which Mr. Harris figures both in this paper and later with his Afidway fauna, '' Bulletin of 
American Paleontology, No. 4," without giving it a specific name. 

This camp was probably at the Eagle Pass-Laredo road crossing near the junction of Cuevas and Pena creeks, and 
on or near the Cretaceous-Tertiary contact. The Cardium is imquestionably the Cardium congestum of Conrad, while 
the other forms named by Prof. Harris are from the overlying Midway. 

The fossils obtained by White 18 miles southeast of Eagle Pa^s, as detennined by Harris,* 
are CucuUsea macrodonta (Whitfield), Pectunculus sp., Venericardia sp., and Cardium sp. 

Dumble, in the paper published in Science just cited, does not state the position of the 
fossil locahties described with reference to the Webb County hne, but Las Isletas (or Las Islas), 
which he says is located about the mouth of Castano Creek, is in Maverick County, approximately 
7 miles by the river above the Webb Coimty hne; according to his further statement, this would 
place the intersection of the Cretaceous-Eocene contact with the Rio Grande about 3 miles 

above instead of 3 miles below the county line. 

- ^ — ^ 

1 Harris, O. D., The Midway stage: Bull. Am. Paleontology, vol. 1, pp. 127-128, 1896. 

s Dumble, £. T., Geology of southwestern Texas: Am. Inst. Min. £ng. Trans., vol. 33, pp. 931, 932, 1903. 

> Dumble, E. T., Rediscovery of some Conrad forms: Science, new ser., vol. 33, p. 971, 1911. 
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In the autumn of 1912 the writer made investigations in Maverick 
County which resulted in the exact determination of the Cretaceous-EkKiene 
contact along the river and the approximate determination of the outcrop 
of the contact northward through the county. (See PI. XV,) 

The accompanying profile section (fig, 19) shows roughly the struc- 
tiu^ and stratigraphic relations of the beds exposed between White Bluff, 
5 miles above the Webb County line, and a prominent westward-facing 
bluff about 2 miles above the county line. The succession is as follows: 

Section on Bio Grandt helow WhiU Bluff, Maverick Couniy, Tex. 

Pleistocene (teirace deposit): F«et. 

g. Gray maeaive loamy maA, with a band of pebblea along the 

base in places 20-50 

XJnconf ormi ty . 
J*Uocene or Pleistocene (Uvalde fonnation): 

/. Thin Burficial coverii^ of gravel, in places cemented with a 

white epongy matrix of Ume 3-4 

Unconformity. 

Sandstone of Midway or Wilcox age: 

e. Irregularly bedded medium to coarse grained sandstone, 
I with subordinate thin laminated layers of gray clay; 

I includes some thick, relatively short maasive lenses 

[ of sandstene, but in the main the rocks are croee- 

bedded. Vegetable particles and small pieces of lig- 
nite are common. At one place there is a basal con- 
, glomerate 2 or 3 feet thick composed chiefly of peb- 

' blee of iron cirbonate derived from the concretions 

I in the underlying strata (d) 150± 

\ Unconfonnity; shaip contact, undulating slightly. 

i Midway fonnation: 

I d. Massive dark-giay (light gray or greenish gray where 

I weathered), more or less argillaceous and gUuconitic, 

; sli^tly indurated sand, with haider ledgesat intervale 

I of 5 to 15 feet. Subordinate layers of shaly clay were 

I noted. Concretions of iron carbonate are common in 

I the upper 50 feet and in places occur in layers. Pos- 

I silswere found at the points indicated (field Nos. 

I 304 and 305; see lists on p. 173) 160-200 

c. Gray foniliferous limestone in layers 1 to 1} feet thick, 
interbedded with greenish-gray aind in layers 1 to 2 
feet thick; becomes sandy and glauconitic in the basal 
portion, which also contains some balls and fragments 
of clayderived from the underlying Cretaceousstrata. 
Fossils obtained from the limestone are enumerated on 

page 173 12 

Unconformity; contact sharp and undulates slightly. 
Upper Cretaceous (Escondido formation): 

b. Greenish^ray ehaly clay with cryHtals of gypeum; contains 
a few interbedded lenses of fine greenish^ray sandstone; 

grades downward into next layer 38 

a. Greoniah-gray glauconitic sand, partly indurated to nodular 
layers; contains numerous Upper Cretaceous fossils (see list 
on p. 173) 40 

At White Blufl (see map, Pi. XV), at the upstream end of the profile 
section, the Cretaceous-Eocene contact is clearly exposed for a distance of 
several rods (see PI. XVI) and lies 90 or 95 feet above the river. At the 
upstream end of the prominent part of the blui! the base of the Eocene 
limestone is faulted down 25 or 30 feet below the position shown in the 
photograph. The section is fts follows: 
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. CONTACT BETWEEN THE MIDWAY FORMATION AND OVERLYING SAND- 
STONE OF MIDWAY OR WILCOX AGE ON THE RIO GRANDE IN 
MAVERICK COUNTY, TEX. 

About 2i miles above (he Webb County line. 




e the Webb County li 
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Section at While Bluff, Maverick County, Tex. 

Pliocene or Pleistocene (Uvalde formation): Feet. 

5. Gravel cemented with a white spongy matrix of lime 1 

Unconformity. 

Eocene (Midway formation): 

4. Gray fossiliferous limestone in layers 1 to 2) feet thick, interbedded with greenish-gray sand in 
layers 1 to 2 feet thick. "The immediate base of the limestone is sandy and in places strongly 
gl&uconitic and contains balls and fragments of the underlying Cretaceous clay, present as a 
mechanical mixture. The limestone contains the following Eocene fossils (field No. 301), 
identified by T. W. Vaughan: Leda sp., Chicullaea macrodonta Whitfield, Cytherea ripUyana 
Gabb, Venericardia smithii Aldrich, and Venerioardia perantlqua Conrad (U. S. G. S. 
collection 6575). A costate Anomia (field No. 302), probably derived from the underlying 

Cretaceous, is present as a mechanical mixture in the immediate base of the limestone 12 

Unconformity; contact sharp and undulates slightly. 
Upper Cretaceous (Escondido formation): 

3. Greenish-gray shaly clay with crystals of gypsum. Contains a few interbedded lenses of fine 

greenish-gray sandstone. Grades downward into next layer 38 

2. Greenish-gray glauconitic sand, partly indurated to nodular layers. Contains numerous 
Upper Cretaceous fossils, including Ostrea cortex Conrad, Cardium sp., numerous poorly 

preserved gastropods, and Sphenodi8cu8 pleurisepta Conrad (field No. 303) 40 

1. Concealed to water's edge 16 

According to Mr. Vaughan, the fossils in layer No. 4 indicate the Midway age of the stratum. 

The next place examined on the river was at a point about 1 mile below White Bluff and a 
quarter to half a mile below the Blesse ranch house, which is on the Mexican side. (See map, 
PI. XV, and profile section, fig. 19.) Here the basal Eocene limestone, which is so prominently 
exposed near the top of White Bluff, dips below water level in the river bed. The rock is well 
exposed on the Texas side of the channel and extends for a considerable distance out into 
the river, which has cut a relatively narrow channel through the rock parallel to and near the 
south bank. 

The writer was not able positively to identify the "falls of the Rio Grande" described by 
Dumble and others, but at this point a rise of the river a few feet above the ordinary low-water 
stage would result in more conspicuous rapids at the outcrop of this Eocene limestone than 
would be produced by other ledges of Cretaceous and Eocene rock which appear at many places 
in the bed of the river at low water, both above and below this point. It therefore seems 
likely that this is the so-called falls. 

The base of the limestone is not exposed, but the thickness was estimated to be 10 or 15 feet. 
The inference is probably justified that here, as at White Bluff, the Cretaceous-Eocene contact 
lies immediately below the Umestone, and the contact would therefore cross the river directly 
above the outcrop of the rock in the river bed. The limestone contains Venericardia sp. and 
other Eocene forms. The surface of the rock in the river bed has been strongly potholed and 
presents a rough, jagged appearance. (See PI. XIV, B,) 

A nearly continuous series of exposures appears along the left bank of the river from this 
point downstream to the prominent westward-facing bluff indicated on the map, a distance of 
about 2 miles. The beds overlying the limestone (division d of profile section, fig. 19) dip 
downstream at the rate of at least 100 feet to the mile. In dark greenish-gray glauconitic sand, 
estimated to be 30 or 40 feet above the base of this division, a few black casts of gastropods 
and Venericardia sp. were collected (U. S. G. S. collection 6576; field No. 304), and about 35 
feet below the top of the division black casts of Venericardia sp. (U. S. G. S. collection 6577; 
field No. 305) were obtained. The beds of this division are of purely marine origin, as 
shown by the fossils and the glauconite. 

The marine division is overlain unconformably (see PI. XVII, A) by irregidarly bedded 
sandstones (division e, fig. 19), which form the major part of the prominent westward-facing 
bluff at the downstream end of the section. (See PI. XVII, J5.) This bluff rises 100 or 1 10 feet 
above water level (aneroid reading), but only the upper 60 or 70 feet is well exposed. Inter- 



174 SHORTEB CONTRIBUTIONS TO GENERAL GEOLOGY, 1914. 

bedded with the coarse sandstones in this section is a band of gypsiferous shale 10 to 15 feet 
thick, the top of which is about 20 feet below the top of the sandstone. The gypsum occurs 
in seams and separate crystals. The relation of these irregularly bedded sandstones to the 
typical Carrizo sandstone of Owen* has not been determined, but they probably occupy a lower 
stratigraphic position, being equivalent in age either to a portion of the typical Midway 
group of Alabama or to the lower part of the overlying Wilcox group. The highest part of 
the bluff is capped by 3 or 4 feet of surficial gravel of the Uvalde formation. 

Mr. Vaughan has informed the writer that the fossils enumerated in United States Geo- 
logical Survey Bulletin 164, page 38, were found in beds below the typical Carrizo sandstone 
of Owen, and they may have come from the strajba represented by division d of the profile section 
(fig. 19). According to Mr. Vaughan, the fossils indicate the Midway age of the containing 
beds. No fossils were found in division e of the section, and therefore no additional evidence 
regarding its age can be presented. 

The next exposure examined on the Rio Grande was a prominent westward-facing bluff 
4 miles nearly due west or perhaps a little south of west of the Jacal ranch house and about 
9 miles above the Maverick-Webb county line. The section is as follows: 

Section at westward-facing bluff on Rio Grande aboiU 9 miles, above the Maverich-Webb county line, 

[Station 1 on the map, PI. XV.] 

Pliocene or Pleistocene (Uvalde formation): Feet. 

6. Gravel 10 

Unconfonnity. 

Eocene (Midway formation): 

5. Greenish sandy clay, with indurated layers a few feet apart, weathered and poorly exposed . 20 
4. Hard gray limestone in layers 1 to 2 feet thick, with interbedded thinner layers of greenish 
fine, slightly indurated sand. The limestone is replete with Yenericardia sp., CucuUaea 
sp., and other Eocene fossilB (field No. 306a). A costate Anomia derived mechanically 

from the underlying Cretaceous strata occurs in the base of the limestone 13 

Exact contact not clearly exposed. 
Upper Cretaceous (Escondido formation): 

3. Greenish-gray shaly gypsiferous clay, with subordinate interbedded thin layers and some 

thicker layers of fine hard gray sandstone weathering greenish gray 36 

2. Greenish-gray massive marine sand, slightly indurated, some layers more indurated than 
others, and forming slightly projecting ledges. Fossils are numerous and the following 
were recognized : Bre viarca sp . , Ostrea cortex Conrad , Anomia sp . (with costae) , Mactra sp . ? 

and Sphenodiscus sp. (field No. 306) 50 

1. Concealed by talus and Recent alluvium 35 

The Cretaceous-Eocene contact is here about 120 feet above the water level of the river. 
The description given applies particulariy to the upper end of the bluff, where a good exposure is 
afforded by the northwestward-facing side of a short gully. Good exposures of the fossiliferous 
beds of the Escondido formation (layer 2 of the section) extend southward for half a mile or 
more along the bluff. 

A wire fence extends from the Jacal ranch house in a direct line west of south to Whit« 
Bluff (see PI. XV) , and about 3 miles from the ranch house crosses a low peak, the top of which 
is nearly as high as the general level of the upland in the vicinity of the ranch house (200 feet 
or more above the river). The sandstone of Midway or Wilcox age is fairly well exposed in 
the upper 40 feet of this peak and consists of rather soft medium to coarse gray shaly sand- 
stone with several more massive layers forming ledges. A few indistinct impressions of small 
pelecypods were noted. 

Near the same fence, on the crest of a gravel-covered ridge, about 1^ miles from the Jacal 
ranch house, poorly preserved prints of Venericardia sp. were found in a partly exposed ledge 
of hard calcareous ferruginous sandstone. 

A number of observations having an important bearing on the location of the Cretaceous- 
Eocone contact in Maverick County were made along the road loading from the Jacal ranch 

1 Owen, J., Texas Oeol. Sun'ey First Rept. Projfress, pp. 70-73, 1889. 
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house to Eagle Pass by way of the Biboro tank. (See map, PI. XV.) About 6 miles from the 
ranch house (station 2, PI. XV) a poor exposure of gray sandstone corresponding to the sandstone 
of Midway or Wilcox age shown in division e, figure 19, was observed in a small branch near 
the road, and associated with it were fragments of rock exhibiting cone in cone structure. 
Fragments of similar sandstone were noted along the same road for the next 3 miles toward 
Eagle Pass. From about the tenth to the eleventh mUe from the ranch house the road where it 
cuts through the surficial loams and gravels of the Uvalde formation reveals greenish to yeDowish 
clays, locally ferruginous and containing concretions of iron carbonate in different stages of oxi- 
dation. In ferruginous material, about 11 miles from the ranch house (station 3, PL XV), 
prints of Venericardia sp. (U. S. G. S. collection 6578; field No. 307), identified by C. W. Cooke, 
were obtained. 

The next important exposiu*e studied was at the crossing of Biboro Creek just below 
Biboro tank (station 4, PL V), which is estimated to be about 18 miles by the wagon road from 
Eagle Pass. The bed of the creek at the road crossing is about 20 feet below the general level 
of the surrounding upland. Ledges of hard gray fossiliferous limestone and greenish-gray 
calcareous sandstone crop out below the dam of the tank. From the limestone fossils were 
collected and identified by T. W. Vaughan and C. W. Cooke as follows: CucuUaea niacrodonta 
Whitfield, Lucina sp., Cytherea ripleyana Gabb, Venericardia perantiqv/i Conrad var. amiihii 
Aldrich?, and Enclimatoceras sp. nov. (U. S. G. S. collection 6583; field No. 308). 

The rock corresponds exactly in its lithologic and faimal character to the basal Eocene 
limestone exposed along the Rio Grande south and west of the Jacal ranch house (division c 
of the profile section, fig. 19). The exact base of the limestone was not discovered. According 
to Messrs. Vaughan and Cooke the fossils indicate the Midway age of the containing bed. 

Within less than half a mile of Biboro Creek in the direction of Eagle Pass (station 5, 
PL XV), fragments of fine greenish-gray sandstone belonging to the Escondido formation of 
the Upper Cretaceous were noted along the road. In descending the northwestward-facing 
slope of Cuevas Creek, about 1^ miles from Biboro tank, the roadbed reveals greenish-gray, 
more or less ai'gillaceous, slightly indurated sand, in which some layers are more indurated 
than others and form ledges. The rock is fossiliferous and the foDowing poorly preserved forms 
were collected: Breviarca sp., Ostrea cortex Conrad, Anomia sp., Cardium sp., Mactra sp. ?, 
and Sphenodiscus pleurisepta Conrad (field No. 309). These are characteristic species of the 
Escondido formation. Similar beds are exposed in the bed of Cuevas Creek at the road crossing, 
and here a few well-preserved specimens of Sphenodiscus sp. were collected (field No. 310). 

Although the base of the Eocene limestone was not seen in the vicinity of Biboro tank, the 
appearance of Cretaceous strata within less than half a mile to the northwest shows that the 
contact between the two systems hes a short distance west of the tank, and it must intersect 
Biboro Creek below the road crossing, possibly within a few rods. Between Cuevas Creek 
and Eagle Pass the only strata exposed, except the surficial gravels and loams of the Uvalde 
formation, belong to the Upper Cretaceous. 

The next place north of JBiboro tank at which data bearing on the geographic position of 
the contact were obtained was in the valley of Picoso Creek between the Chimeneas ranch 
house and the Joe WiUiams ranch house. (See map, PL XV.) Aside from the surficial loams 
and gravels of the Uvalde formation, the only rocks observed along the road from Eagle Pass 
to the Chimeneas ranch house belonged to the Upper Cretaceous. A few hundred yards east of 
this ranch house (station 6, PL XV) a layer of hard nodular fossiliferous limestone crops out in 
the bed of a small creek and along the gentle bordering slopes and yielded specimens of Exogyra 
costaJta Say and Cardium spiUmani Conrad? (field No. 314). The rock therefore belongs to the 
Escondido formation of the Upper Cretaceous. Similar rock was observed in the bed of the same 
creek about a mile east of the ranch house, and also in the bed of Picoso Creek at a road crossing 
about 2 J miles northeast of the ranch house (station 7, PL XV), where poorly preserved specimens 
of Exogyra costata Say were noted. 
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From the crossing of Picoso Creek along the road northward for 2 or 2i miles and then 
eastward toward the Joe Wilhams ranch house (see PL XV), poor exposures of sandstone of the 
Escondido formation were noted here and there to a point within about 1 mile west of the 
ranch house, beyond which the road was heavy with sand. In the immediate vicinity of the 
ranch house several small exposures of gray, rather coarse sandstone having the characteristics 
of the sandstone imconformably overlying the marine Midway on the Rio Grande (division e, 
fig. 19) were observed. From the Joe Wilhams ranch house southward to Picoso Creek, a 
distance of 2 or 2i miles, several small outcrops of this sandstone appear along the road. A 
fairly good exposure of the same formation was found in the bed of a small branch, perhaps 2 
miles south of the ranch house (station 8, PI. XV). Here the rock consists of soft medium to 
coarse grained irregularly bedded massive to thin-bedded sandstone, containing numerous 
grains, films, and small balls of white clay, and on weathering the surface is mottled with red. 

These observations indicate that the Cretaceous-Eocene contact lies about 1 mile west of 
the Joe Williams ranch house. The intersection of the contact with Picoso Creek is probably a 
little west of south of the ranch house. 

A few small outcrops of the gray sandstone corresponding to division e of figure 19 appear 
along the road leading west of north from the Joe Williams ranch house to the Burke ranch 
house a distance of 3 or 4 miles. The same sandstones were noted in small, inconspicuous 
exposures at numerous places along an abandoned roadway which leads in a general northerly 
direction from Burke's ranch house across Chacon Creek to Black's ranch house, an air-lino 
distance of 5 or 6 miles. They were seen also about 1 mile northwest of Black's ranch house 
(station 9, PI. XV) in several small exposures in and near the road leading toward the Salado 
ranch. No significant exposures were found beyond these outcrops, but specimens of Spheno- 
discus sp. were observed loose in the bed of a small creek about 1 J miles a little north of east of 

the Salado ranch house. 

At an abandoned tank on Salado Creek just south of the Salado ranch house along the 
Eagle Passr-Uvalde road (station 10, PI. XV) typical sandstones of the Escondido formation 
were examined. The rock is a gray hard, more or less calcareous sandstone and contains fossils 
among which were recognized Breviarca sp., Ostrea cortex Conrad, Gyrodes sp., and two species 
of Sphenodiscus (field No. 315). 

From the Salado ranch house along the road running 4 or 4 J miles in a southeasterly direc- 
tion to Chiltipin tank, which is situated in a small valley draining eastward (station 11, PI. XV) 
characteristic sandstones of the Escondido formation were observed in many small outcrops. 
Along the sides of the valley below the tank are large masses of hard gray sandstone, weathering 
brown belonging to the Escondido formation. Some lenses are very fossihferous, but the fossils 
are not easily separated from the matrix. The fbllowing forms were recognized: Breviarca sp., 
Ostrea cortex Conrad, Anomia sp., unidentified gastropods, and Sphenodiscus sp. 

The data above presented show that the outcrop of the Cretaceous-Eocene contact probably 
lies within 1 or 2 miles west of the Joe Williams ranch house, and that north of this place the 
possible outcrop is limited to an area a few miles wide which Ues west of the Burke and Black 
ranch houses and east of Chiltipin tank and the Salado ranch house. 

As no marine invertebrate-bearing beds corresponding to the strata of the Midway formation 
(Eocene), which outcrop along the Rio Grande, were seen in this area, it appears that the gray 
sandstones unconformably overlying the marine Midway deposits on the Rio Grande have 
here transgressed westward, conceahng the marine Midway strata and resting upon the Escon- 
dido formation (Upper Cretaceous) . 

ZAVALTJ^ AND UVATJ)E COUNTIES. 

Vaughan ^ has approximately determined the Cretaceous-Eocene contact in the north- 
western part of Zavalla County and the southern part of Uvalde County as far east as Frio 
River and exactly at one locality on Frio River. The only additional data resulting from the 

1 Vaughan, T. W., Reconnaiasanc© In the Rio Grande coal fields of Texas: U. 8. Creol. Survey Bull. 1C4, pp. 53, 54, PL 1, 1900; U. 8. Oeol. 8ar- 
T»y Geol. Atlas, Uvalde folio (No. 64), pp. 2, 3, 1900; idem, Brackett folio (in preparation). 
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writer's field studies west of Frio River relate to certain outcrops west of south of the old Fenley 
ranch house. About 4^ miles south of the Eagle Pass and Uvalde road, near the Zavalla- 
Maverick county line, about a quarter of a mile south of a new ranch house (station 12, PL 
XV), is a small exposure of hard gray quartzite-like rock showing faint stratification lines 
and having the characteristics of the gray Eocene sandstones on the Rio Grande shown in 
figure 19, 6. About 1^ miles north of this point, near the road leading northward to the Uvalde 
and Eagle Pass road (station 13), are several small outcrops of rock typical of the Escondido 
formation of the Upper Cretaceous C^Pulliam" formation of Vaughan), consisting of hard 
greenish-gray fine-grained calcareous sandstone. These data limit the possible outcrop of the 
contact to a belt less than 2 miles wide. 

The writer has examined some of the fossils which were obtained by Vaughan from his 
Myrick formation just above the Cretaceous-Eocene contact on Frio River in the southeastern 
part of Uvalde County, 2 miles below Engelmann's ranch, and which he states indicate the 
Midway age of the strata in which they were found. The matrix is a weathered glauconitic 
phase of the basal Eocene (Midway) hmestone, division c of the profile section given in figure 19. 
The Myrick formation, which Vaughan estimates to be 800 feet thick, must therefore include 
strata belonging to the Midway formation and to overlying imdifierentiated Eocene formations. 
The fossils collected and identified by Vaughan from the basal stratum of the Eocene at this 
locality are the following (U. S. G. S. collection 3181): 

CucuUeea saffordi (Gabb). Venericardia sp. Turritella humeroea Conrad. 

Ostrea crenulimaiginata Gabb? Lucina sp. Turritella mortoni Conrad. 

Ostrea pulaskensis Harris. Cytherea sp. Levifusus trabeatus (Conrad) var.? 

Venericardia perantiqua Conrad. Natica sp. Nautilus sp. nov. 

In the eastern part of Uvalde County the Cretaceous-Eocene contact was determined by 
the writer to be in the northwestward-facing slope of Elm Creek near the Schuddemagen ranch 
house, which is just north of the junction of the creek with Sabinal River. (See map, fig. 20.) 
With the exception of a prominent limestone ledge (layer 4 of the section below; see also PI. 
Xyill, A) the strata forming the hill are not well exposed, but by a close inspection of small 
outcrops along the slope the following section was determined: 

Section in northtoestward-fadng slope of Elm Creek near the Schuddemagen ranch house, 11 mUes south of Sabinal, Tex, 

[Station 14, fig. 20.] 

Pliocene or Pleistocene (Uvalde formation): Fe«t. 

6. Gravel, not well exposed 20 

Eocene (Midway formation): 

6. Fine greeniah-gray, slightly calcareous sand with numerous interbedded thin layers of 
sandstone, the whole poorly exposed. At one place the basal 2 or 3 feet is replete with * 

Ostrea sp. (apparently new) (U. S. G. S. collection 6278; field No. 247d) 60 

4. Massive sandy limestone with poorly preserved fossils, prominently exposed along the 
hill slope. Messrs. Vaughan and Cooke have identified the following species from this 
limestone: Glycymeris sp., Ostrea sp., Venericardia perantiqmi Conrad var. smithii 
Aldrich, Cytherea ripleyana Gabb, Natica sp., Turritella mortoni Conrad, Turritella 
sp., Calyptraphorus velatus Conrad var., Pseudoliva cf. P. unUineata Aldrich, Phos? sp., 

Pleurotoma sp. (U. S. G. S. collection 6279; field No. 247c) 10 

Exact Cretaceous-Eocene contact was not observed, but it probably lies at the top of layer 3. 
Upper Cretaceous (Escondido formation = **Pulliam" formation of Vaughan): 

3. Fine greenish-gray calcareous sand, poorly exposed 45 

2. Soft greenish-gray fine calcareous sandstone from which were obtained Ostrea sp., Anomia 

sp., and Sphenodiscus sp. (field No. 247a); poorly exposed 3 

1. Greenish-gray fine calcareous sand, poorly exposed 18 

Layer 4 of the section (PL XVTII, A) corresponds in litkologic character to the basal 
Eocene limestone exposed along the Rio Grande in the southern part of Maverick County 
(division c of the profile section, fig. 19, p. 172), and Messrs. Vaughan and Cooke state that the 
fossils indicate the Midway age of the stratum. 

Small outcrops of Cretaceous rock were noted at several places between the Schuddemagen 
ranch house and Sabinal. 
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HKDINA COUNTT. 

The position of the Crctaccous-Eowne contact was dcteriniiiod approximately along the 

^^l loading from D'Hanis, Medina County, Tpx., a little east of south to Yancey. At a point 

^-iiiles from D'Hanis, near the crest of a uortheafitwar<l-faciiip slope {station 15, fig. 20), 

^^^1. 15 feet of hard white limestone is moderately well exposei!. Among fossils collected 

g-r* ^'"^ limestone C. W. Cooke identified CumJl^a man-odonta Whitfieldl, Ostrea crenuli- 

,^^fiola Gabb, Venericar^ia pfrantiqua Coi\rad, Ijuchva sp., and unidentified gastropod 

■■^^^^^t>»<'"*«^"-S.G.S. collection 6584; field No. 340). In its litholugie character the rock corre- 

*" .^TF*^*^ '" '^"^ basal Eooono hmestone in Maverick County (di\-ision e of the profile section, 

■f^_^ 1 9), and according to Mr. Cooke the fossils indicate the Midway age of the bed. 

Tne exact base of the limestone was not ohser\'ed, but along the road about a quarter of 



^ '^ 



le north of the outcrop and not more than 10 or l.'j feet lower than the lowest exposed 




portion of the lime- 
stone the Cretaceous 
fossils Ostrea cortex 
Conrad and Anomia 
ap, were found in an 
impure yellow lime- 
stone. The contact is 
therefore determined 
within a horizontal 
distance of less than 
a quarter of a mile. 
No direct aneroid 
reading was made, 
but the base of the 
hmestone of Midway 
age is estimated to be 
at least 1 60 feet higher 
than the bed of Seco 
Creek west of this lo- 
cality. 

Between the lo- 
cahty just described 
and D'Hanis, aside 
from surficial loams 
and gravels, only Cre- 
6,fx«, taceous strata were 
observed. 
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(station l6i %■ 20), uuu^qs of pray to brown, strongly cross-bedded medium to fine, slightly 
calciirft)^'* sandstone with interlieddVd thin layers ,^hon-ing cone hi cone structure are prominently 
expose'l in ^^ bed of the creek and along the left bank for sevcrnl hundred yards. (See PI. 
XVIII. S.) Although no fossils were found, this rock has the hlhologio aspect of some phases 
of the sandstone (division e. fig. in) unconforraably overlx-itig the marine Midway on the Rio 
Grande. Similar sandstones appear in the creek bed for the ni'xt mile below this point, and 
other outcrops of sands, saodsloni's, mid clav-a, probably Eocene, were observed still farther 
down the creek within (jj mile.s Itelow Elstone. 

j^X a lowility on Hondo Creek kuowii us Rock Crossing (station 17, fig. 20), which is about 
11 milt* below tho cniHsiiiK of Ihe rouil lending due east from Kl*tone and one-half to thrce- 

j.,j.YSof II mile above the Bhic Water Hole (on the FAstiiiLc-llir^- road crossing), fossiliferous 
strata of Cretaceous age urc well exposi-d. (Sci- PI. XIN. -IJ Tlic section is as follows: 
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Section at Rock Crossing on Hondo Creek^ Medina County^ Tex. 

Pleistocene (terrace deposit): Feet. 

7. Heavy bed of gravel with a few feet of loam at the top 15 

Unconformity. 

Upper Cretaceous (Escondido formation="Pulliam" formation of Vaughan): 

6. Layer of brown fine-grained slaty sandstone with thin lenses of coquina in the lower 

part; contains poorly preserved fossils J-IJ 

6. Fine greenish-gray to yellowish sand with fossils in the lower part IJ 

4. Greenish-gray to brown nodular fossiliferous fine-grained sandstone containing laige 
nimibers of Sphenodiscus. Many square rods of the bed of the creek above the falls 
are formed of this rock 1 

3. Greenish-gray to yellow fine massive sand which erodes easily 2J 

2. Greenish-gray to brown nodular fossiliferous fine-grained sandstone with many speci- 
mens of Sphenodiscus 1 

1. Greenish-gray fine calcareous, irregularly indurated massive sand containing fossils; 

erodes easily 5 

Layers 1 and 2 form the head of a shallow gorge which Ib a waterfall when there is running 
water in the creek. (See PI. XIX, A.) Layer 4 also forms a small waterfall a few rods farther 
up the creek. 

The following fossils (field No. 221) were obtained from layers 1 to 5 of the section: 

Ostrea cortex Conrad. Lunatia? Sphenodiscus pleurisepta Conrad. 

Ostreasp. Turritella sp. Sphenodiscus (several varieties or 

Anomia sp. Undetermined gastropods. species). 

Cardium sp. Nautilus sp. 

About a quarter of a mile below Rock Crossing 12 feet of strata lithologicaUy correspond- 
ing to layers 1 to 5 of the section appear in a vertical bluff along the left bank of the creek. 
Several fine large specimens of Sphenodiscus were obtained here (field No. 223). 

According to these observations, the Cretaceous-Eocene contact must intersect the creek 
between stations 16 and 17, which are 2 or 2^ miles apart. It is probably nearer station 16 
than station 17. 

About a quarter of a mile above the crossing of the road leading due east from Elstone 
(station 18, fig. 20) the left bank of Hondo Creek exposes 12 or 15 feet of hard, sandy, slightly 
glauconitic limestone, somewhat like coquina in appearance. (See PI. XIX, B.) The rock is 
poorly fossiliferous, but Ostrea sp. and Turritella mortoni Conrad? (field No. 219) were recog- 
nized. About three-eighths of a mile below this point, one-eighth of a mile below the crossing 
of the road leading due east from Elstone, a loose bowlder found in the bed of the creek and 
obviously derived from the limestone yielded a few poorly preserved fossils, among which Messrs. 
Cooke and Vaughan have recognized the following species (U. S. G. S. collection 6280; field 
No. 220) : 

Leda elongatoidea Aldrich var.? Harris. Venericardia sp. 

Glycymeris sp. Cytherea sp. 

Ostrea sp. Corbula sp. 

Modiola saffordi Gabb. Turritella sp. 

The rock is therefore of Eocene age. It has the general appearance of the basal limestone 
of the Midway formation noted H miles southeast of D'Hanis and near the Schuddemagen 
ranch and is believed to correspond to the basal limestone of the Midway exposed on the Rio 
Grande in southern Maverick Coimty (division c of the profile section, fig. 19). 

Half a mile above the locality just mentioned large masses of gray medium-grained cross- 
bedded, slightly calcareous sandstone, weathering brown, appear along the left bank of the 
creek (station 19, fig. 20). They are sUghtly out of place, having fallen from their original 
position. These rocks are unhko the fine-grained sandstones of the underlying Escondido 
formation (Upper Cretaceous) and clo-^ely resemble some phases of the Eocene in this part 
of Texas. The sandstone and the limestone noted a quarter of a mile above the road crossing 
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eadt of Elstone (p. 179), occurring IJ to 2 niiles above the Cretaceous strata exposed at Rock 
Crossing ^^ Hondo Creek, indicate a fold or fault which brings the Eocene down to the level 
of tb-e creek bed, farther upstream than it would be if the strata were regularly inclined. 

About 3 miles upstream from the sandstone just described and IJ or 1 j miles below the San 

j^jxtovio and Hondo road crossing (station 20, fig. 20), Cretaceous sand was found exposed in the 

jjigbt bank of the creek as described in the following section: 

Section in right bank of Hondo Creek li or If miles below the San Antonio-Bondo road bridge. 

Pleifltocene (terrace deposit): ^^dt 

3. Browniah masBive loam 20-2b 

2. Conglomerate composed of pebbles and cobbles of chert and flint with intermixed bowl- 
ders and slabs of brownidi sandstone; the cementing material is lime 2-6 

Upper Cretaceous (Escondido formation): 

1. Fine greenish-gray argillaceous sand, in part cemented into a rather soft sandstone 2 

A i^^ hundred yards above this exposure numerous large slabs of gray sandstone, weather- 
jjig brown, appear m the bed of the creek, and though not seen in place they mark the outcrop 
of a ledge of sandstone of the Escondido formation. With the exception of Pleistocene terrace 
deposits, no strata younger than Cretaceous were observed along Hondo Creek between the 
Ijjeality last described and the Balcones escarpment. 

SUMMARY OF RESULTS IN SOUTHWESTERN TEXAS. 

The data set forth on the preceding pages show that along the Rio Grande in the southern 
part of Maverick Coimty the following succession of formations exists: 

General section on Rio Grande in southern Maverick County, Tex. 
Eocene: 

Sandstone of Midway or Wilcox age: 

4. Irregularly bedded medimn to coarse sandstone, with interbedded layers and 
lenses of clay (maximum thickness not determined). 
Unconformity. 

Midway formation: 

3. Maaaive dark-gray, more or less argillaceous and glauconitic, slightly indurated 
sand, with harder ledges at intervals of 5 to 15 feet and with subordinate layers 
of shaly clay; concretions of iron carbonate in upper 50 feet; contains some Feet. 

poorly preserved marine fossils of Midway age 150-200 

2. Gray fossiliferous limestone, with interbedded thinner layers of greeniah-gray 

sand; contains marine fossils of Midway age 12- 13 

tTnconformity. 
Upper Cretaceous: 

Escondido formation: 

1. Greenish-gray shaly clay conformably underlain by greenish-gray glauconitic, 
partly indurated sand containing characteristic Upper Cretaceous fossils . (Total 
thickness of formation estimated by Dumble to be 3,300 feet, but probably 
much less.) 

The basal limestone of the Midway formation has been traced eastward as far as Hondo 
^©ek, Medina County, the imderlying formation being the Escondido formation of the Upper 
^Tetaceous. In an area including the northeastern part of Maverick County, the northwestern 
part of Zavalla* County, and the southwestern part of Uvalde County the Midway appears 
to oe completely overlapped by a northwestward transgression of younger sandstone of lifidway 
or Wilcox age. 

The lower part of the Escondido formation of southwestern Texas certainly corresponds 
to at least a part of the Exogyra costata zone of the eastern Gulf region. Exogyra costata Say 
has not been found in the upper part of the Escondido formation, and it may be that that part 
is somewhat yoimger than this zone. The f aima of the formation has not been critically studied, 
but the ammonite Sphenodiscus pleurisepta Conrad ranges throughout practically the whole 
thickness of the terrane, beuig most abimdant near the top, where it is represented by several 
varieties. Tlie fauna is therefore strictly Mosozoic in its aspects, and in a geologic sense the 
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upper part of the Escondido is not very much younger than the Exogyra costata zone. These 
uppermost strata probably do not appreciably bridge the great hiatus between the Cretaceous 
and Eocene. 

lilTEKATUKE. 

It is impracticable in this paper to give a complete bibliography of the literature relating 
to the Cretaceous-Eocene contact in the Atlantic and Gulf Coastal Plain. The papers enu- 
merated below include only those in which may be foimd compilations of the available data 
relating to the contact in the areas treated. Nearly all the papers cited contain bibliographies 
and references to older literature and maps showing the outcrop of the contact. 
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1891. White, C. A., Correlation papers — Cretaceous: U. S. Geol. Survey Bull. 82, 273 pp., geologic map. 

1892. Clark, W. B., Gorrelatioii papers — Eocene: U. S. Geol. Survey Bull. 83, pp. 1-94, generalized geologic map. 
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1897. Clark, W. B., and others, Upper Cretaceous deposits of New Jersey, Delaware, and Maryland: Geol. Soc. 
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1898. Dall, W. H., A table of North American Tertiary horizons: U. S. Geol. Survey Eighteenth Ann. Rept., pt. 2, 

pp. 332-335. 
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1914. Stephenson, L.W., The Cretaceous deposits of the eastern Gulf region: U. S. Geol. Survey Prof. Paper 81, pp. 

9-40, geologic map. 
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NORTH CAROLINA. 

1912. Clark, W. B., Miller, B. L., and Stephenson, L. W., The stratigraphy of the Coastal Plain of North Carolina: 
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Survey, 759 pp. 
1894. Smith, E. A., Johnson, L. C, and Langdon, D. W., jr., Geologic map of Alabama: Alabama Geol. Survey. 
1914. Stephenson, L. W., The Cretaceous deposits of the eastern Gulf region: U. S. Geol. Survey Prof. Paper 81, pp. 
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THE HISTORY OF A PORTION OF YAMPA RIVER, COLORADO, AND 
ITS POSSIBLE BEARING ON THAT OF GREEN RIVER. 



By E. T. Hancock. 



Few regions offer more interesting geologic problems relating to drainage than the Uinta 
Mountains; in Utah and Colorado, and the arsa immediately east of them. In fact, the writer's 
attention was primarily attracted to this field by the diversity of opinion regarding the ante- 
cedent origin of Green River. Although the present paper deals mainly with that portion of 
Yampa River ^ast of Juniper Mountain, the conclusions reached are believed to have a definite 
bearing on the Green River problem itself. The paper is introduced by a brief discussion of 
the structural features of the region east of the Uinta Mountains, for a clear understanding of 
the relation of the minor uplifts to the great Uinta fold will better enable the reader to appreciate 
the possible bearing which the writer's conclusions may have in the solution of that problem. 

The main range of the Uinta Moimtains is a broad, flat-topped anticline, which has an 
easterly trend and a length of over 150 miles and which separates the Green River Basin on 
the north from the Uinta Basin on the south. The conspicuous portion of the Uinta fold 
terminates in northwestern Ck)lorado, but along the continuation of its axis to the east lies 
a long, gentle anticline which reaches the foothills of the Park Range. This anticline was called 
by White * ''the inceptive portion of the Uinta fold.'' The axis of the anticline is coincident 
with the low, broad valley known as Axial Basin, and in a recent report Gale ^ refers to it as 
the Axial Basin anticline. According to White, along the eastern end of the main fold the 
strata abruptly dip east beneath the younger Tertiary beds. Upon the Axial Basin anticline 
have been developed two local uplifts which he called the Junction Mountain up thrust and 
the Yampa Mountain up thrust. These he regarded as the result of a locally intensified applica- 
tion of the same force by which the main fold was elevated. The peculiar relation which exists 
between these two "up thrusts" and the course of Yampa River renders it necessary that the 
reader shall clearly understand their character. 

According to White,' the western base of Junction Mountain is 2 or 3 miles east of the 
east end of the main Uinta fold. There the same strata that plunge down on the east side 
of the Uinta Range rise even more abruptly, and the Paleozoic formations which constitute 
the high momitain peaks of the Uinta Range are uplifted to a maximum height of nearly 2,000 
feet above the surrounding lowland. White says that the strata involved in the Junction 
Mountain uplift occupy an elongate oval area, the longer diameter of which is nearly 12 miles 
and the shorter about 4 miles in length. The direction of the longer diameter, being approxi- 
mately northwest, is obUquely transverse to the general direction of the axis of the main fold. 
White* describes Juniper Mountain (then known as Yampa Mountain) as another ''up thrust" 
of the Paleozoic formations which also rises directly upon the axis of the inceptive fold. It 
is Ukewise oval in outline, and has a longer diameter of about 7 miles and a shorter diameter of 
less than 4 miles. The longer diameter is almost at right angles with that of the Junction 
Mountain ^'upthrust'' and nearly transverse with the inceptive portion of the Uinta axis. The 
Uinta Mountain uplift involves many thousand feet of sedimentary rocks of Paleozoic, Mesozoic, 
and Cenozoic age. According to Powell,* the great mass of the Uinta Range is composed of 

1 White, C. A., On the geology and physiography of a portion of northwestern Colorado and adjacent parts of Utah and Wyoming: U. S. GeoL 
Survey Nfaith Ann. Kept., p. 692, 1889. 

« Oalc, H. 8., Coal fields of northwestern Colorado and northeastern Utah: U. 8. Geol. Survey Bull. 415, p. 97, 1910. 
> White, C. A., op. cit., p. 701. 

* Idem, p. 702. 

• Powell, J. W., Report on the geology of the eastern portion of the Uinta Mountains and a region of country adjacent thereto, p. 141, 1876. 
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^-^nos of what h.e called the "Uinta group." The map giyen by White/ compiled in part 
^^^^ ^ ^^ -^* publishcMi maps of Powell, Hayden, and King, shows the Junction Mountain and 
^ " * ^ Mountain uplifta as being composed mainly of carboniferous beds, with a small area 
^^ ^^ ^^ ^ ^^--called ''Uinta" quartzite outcropping near the summit in each upUft. Clearly, then, 
^ ^ ^r^ ^ ^ essential difference between the two local uplifts and the main Uinta Mountains uplitt 
^ ,^^^^' "^i magnitude. The relation of some ot the recent Tertiary formations to these uplifts 

discussed later. Readers desiring a terse description of the course of Green River 
^ the Uinta Mountains are referred to White's report.' 
^^^0 course of Green River across the uplifted Paleozoic rocks of the Uinta Range with 
^^^-^^^i^^^S*^^ '^r structure is so remarkable as to arrest the attention of every observer. 
^ ^^ ^ti^^^ course of the river is even more striking in view of the fact that apparently it 
'^^ ^i^^^^^^ have gone east of the uplift, making its channel in the soft formations of the low- 
<^^y^^ ^^^ ^^® course of Green River through the Uinta Range is no more remarkable than 
^5^^^ ^ i>lx® Yampa, which, empties into Green River from the east, in its relation to the Juno- 
>^ ^ ^jC^^^^^^ ^^^ Juniper Mountain uplifts. Yampa River has its origin among the moun- 
3cv^V "^^ f th© Park Range, where its numerous tributaries flow as turbulent streams through 
\S^^7^^ ^^^^^ *^^ narrow valleys. Emerging from the foothills of the Park Range, it enters a 



K^^^^:^ -f 1^^^ open country and traverses the formations involved in the Axial Basin anticline 
X^^ .f^ f\^ juniper uplift with apparent disr^ard for rock structure. Throughout most of this 
t^^-^• -i^^ its courae, which leads diagonally across the strike of the beds upturned along the north 
9^ ^, ^^ t,J%e Axial Basin anticline, it has developed weU-defined intrmched meanders. Finally 
Vf\^ ^ \x^ hartl Paleozoic metamorphosed limestones and sandstones of Juniper Mountain, 
^^ ^^^ j^tead of continuing in the soft beds around the north end of the uplift, it swings south- 
^^^^f ^^ -^^1 cut« Its way by means of a short canyon through the hard Paleozoic rocks that form 
^ ^i\ ^|,h flank of the uplift. From Juniper Mountain the river flows quietly over the lowlands 
"^ ^ t^^T \ \\^^^^ ^^ Junction Mountain, which it cuts through in a similar manner. The oppor- 
V| A ^ ^ -imMi*** to have been especially favorable for the Yampa to join Snake River near the 
\*ji^it y ^^^il of •ltin<aion Mountain, for it trends in that direction throughout more than half its 
.,1-1 1^ ^^iift^^f leaving Juniper Moimtain. Instead of that, however, it makes a distinct bend 




where that river emerges on the south side of the 



tW^ ^ ,A (>r^'*^' Hiver northeast of the point 

(:irit»»' '•' ^^ 'i^,t,rodiKttion to the discussion of the drainage east of Juniper Mountain, the views 

, h^'^'H Ih'1'1 by some of the earUer geologists regarding the origin of Green and Yampa 

t.Vi'>^' ^*'* ji j,^, y^rry briefly stated. PoweD,' as a result of his early explorations, says that the 

'* ^^^^ \ f jri'l»»t that Green River cut its own channel and that it was running before the moun- 

yff/f^ »- ^ ' #/,mj/td— ^'that the river did not cut its way down through the mountain^ from a 
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1872, p. 85, 1873. 
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deep canyons in the quartzite, by which the river crosses the mountains, were first established 
in the softer overlying formations and that these formations furnished much of the corrosive 
material by means of which the harder rocks were cut away/' In 1897 Davis/ in commenting 
on the above-quoted statement of Irving, said : 

It is not clear whether the overlying formations here mentioned were higher members of the Uinta arch or uncon- 
fonnably overlying Tertiaries. If the former, the writer would support Powell's explanation of the antecedent origin 
of the river; if the latter, he would support Enmions's view that the river is of superposed origin. In either case 
diacusBion on the question is hardly closed. Indeed, considering how frequently the Green is referred to as an 
antecedent river, it is remarkable that so little attention is given to the doubts that have been expressed regardiug 
that manner of origin and to the difficulties that such an origin involves. 

Davis also calls attention to the fact that two recent textbooks on geology' credit the 
antecedent explanation. Davis * himself says: 

The Green River was xmquestionably laked by the uplift of the Uinta Range, and to this extent it is a defeated 
and not an antecedent river. Between its two meridional portions, north and south of the range, the river makes a 
great bend to the east, turning from the higher toward the lower part of the uplift — a remarkable coincidence if this 
was an antecedent turn. 

A few months later Emmons/ referring to the above-cited article by Davis, said : 

Long before the appearance of the two textbooks he quotes (Tarr and Scott), Le Conte and Greilde had each referred 
to it as antecedent and illustrating the slow uplift of mountain ranges, in apparent unconsciousness that any other view 
is poBsible. Suess,' on the other hand, in his exceedingly careful review of the structure of this region, adopted my 
view without any reference to that of Powell. 

Throughout the remainder of his article Emmons points out some of the difficulties involved 
in the antecedent origin advanced by Powell, and finally closes " by saying: 

I have for a long time been hoping, and still hope, that some other geologist may make a more thorough exami- 
nation than I was able to make at that time and determine the nature and extent of this singular formation [referring 
to the Bishop (^* Wyoming") conglomerate], which has never been satisfactorily accounted for. Whatever may be 
the outcome of such an examination, it would seem proper that the antedecent origin of this river should be held in 
abeyance until some positive evidence of it can be furnished. 

White,^ in his concluding remarks on the geology of northwestern Colorado, lays especial 
emphasis on the antecedent origin of Green and Yampa rivers. In order that his views on the 
origin of Yampa River, as related to the Junction Mountain and Juniper Moimtain uplifts, 
may be clearly understood a passage is quoted directly from his closing remarks: 

The facts already presented show that the elevation of not only the narrowest folds but even that of the two upthrusts 
which have been described did not cause the rivers imder which their elevation began to swerve from their original 
courses, as the elevation progressed , to the extent of more than a few rods. This fact is exemplified in Split Mountain, 
where Green River cuts a short deep canyon through that prominent spur of Yampa Plateau; but it is more conspicu- 
ously shown where Yampa River traverses both the Junction and Yampa [Juniper] Mountain upthrusts. 

The writer's field observations during the last two years lead to conclusions that are not 
wholly in accord with those of White relative to the antecedent origin of Yampa River where it 
cuts its narrow canyon through Juniper Mountain. The field observations opposed to the view 
of antecedent origin are briefly as follows: 

The main portion of the mountain is composed of sandstone and hard red quartzite, includ- 
ing layers of conglomerate. This formation was mapped by White as equivalent to that 
forming the core of Junction Mountain and also to the typical quartzite and sandstone forming 
the main eore of the Uinta Range. The summit and northern flank of the mountain are 
composed of metamorphosed limestones and sandstones interbedded. In passing east up 
Yampa River as far as the Government bridge, and thence northeast and finally north for 
several miles, one crosses approximately at right angles to the strike the same formations that 

i Daris, W. M., Current notes on physiography: Science, new ser., vol. 5, p. 647, 1897. 

* Tarr, R. S., Elementary geology, p. 319, New York, 1897. Scott, W. B., An introduction to geology, p. 325, New York, 1897. 
» Davis, W.M., op. cit., pp. M7-S48. 

4 Emmons, S. F., Origin of Qreen River: Science, new ser., vol. 6, p. 19, 1897. 
■ Soess, E., AntUts der Erde, vol. 1, p. 736. 

• Emmons, S. F., op. cit., p. 21. 
' White, C. A., op. cit., p. 710. 
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are involved in the structure of the Axial Basin anticline and the Juniper Mountain uplift. 
With the exception of that portion of the section included between the Carboniferous beds and 
the White Cliff sandstone (Jurassic) the entire sequence is well exposed. In all probability 
from 15,000 to 20,000 feet of beds are included in the section between the top of the ^^ Laramie'' 
and the highest Carboniferous beds exposed. The highest Carboniferous beds exposed at the 
east end of the canyon dip about 15^ E. From this point the dip increases to 31^ at Juniper 
Hot Springs, about a mile farther east along the south bank of Yampa River. From the hot 
springs eastward the dip decreases; for example, the basal beds of the Mesaverde formation 
about three-quarters of a mile northeast of the Government bridge dip about 15^ NE., and near 
parallel 40° 30' the Lewis shale dips 6°-8° NE. If the erosion accompanying and following 
the formation of the Axial Basin anticline and the Juniper Mountain upUf t were the last event 
in the geologic history recorded by the rocks of this region, then the hypothesis of the antecedent 
origin of the deep canyon through Juniper Mountain might be accepted, but such is not the case. 
The period of erosion must have been followed by one of subsidence and deposition, for upon 
the upturned and eroded edges of all the formations studied by the writer, from the Carbon- 
iferous to the post-' 'Laramie,^' rest a series of horizontal Eocene (?) beds known as the Browns 
Park formation. The basal beds of this formation where best exposed consist of soft, more or 
less unconsohdated reddish and yellowish-brown sandstones. These beds usually contain a 
large amount of conglomerate, the pebbles of which consist of schist, gneiss, coarse and fine 
grained granite, white and red quartzite, and white and reddish vein quartz. At least 50 feet 
of such beds he horizontally above the gently dipping Mancos shale in the bank of the river in 
the southwest corner of sec. 22, T. 6 N., R. 94 W. These basal beds grade within a few feet 
into the overlying soft white sandstone which comprises much the greater part of the formation. 
Powell * describes the Browns Park ''group" as occurring in the valley of Browns Park, a deep 
basin of erosion in the axis of the Uinta fold, near the east end of the Uinta Range. He says: 

Eastward, both on the north and south sides of the area of outcrop, the beds are seen to rest unconformably upon 
all of the Carboniferous, Mesozoic, and Cenozoic formations previously mentioned. The unconformity with the upper 
Green River, lower Green River, and Bridger beds is well exhibited in the Dry Mountains in many fine exposures. 
* * * Conglomerates are found at the base, in some localities having a great development. 

White,* who afterward studied the region, described the eastward extension of the beds 
from Browns Park to Cedar Mountain (then known as Fortification Butte). The map accom- 
panying his report, compiled in part from the pubUshed maps of Powell, Hayden, and King, 
represents these beds as completely surroxmding both the Jxmction Mountain and Yampa 
[Juniper] Moxmtain upHfts. They were seen by the writer to be in almost a horizontal position 
and in direct contact with the Carboniferous beds around the north end of the Juniper Moun- 
tain upUft. For about 3 miles cast along the river only a narrow belt of the older beds inter- 
venes between the alluvium and the Browns Park formation, which occurs as a thin cap on the 
low hills. The original thickness and the height to which this formation reached can not be 
ascertained. The fact, however, that there are points on the Browns Park fonnation in almost 
any direction from Juniper Mountain at elevations equal to or greater than that of the highest 
Carboniferous beds exposed where the river cuts through the mountain strongly indicates that 
the rocks of the canyon were at one time covered by the Browns Park formation. 

Beds resembling in every way the yellowish-brown conglomerate beds at the base of the 
Browns Park formation in sec. 22, T. 6 N., R. 94 W., cap the hills near the center of Axial Basin, 
about 12 mUes southeast of the east end of the canyon. Gravel, probably resulting from the 
disintegration of these beds, occurs as a mantle over the upper part of the Mesaverde formation 
along the high ridge about 7 miles east of the canyon. The easternmost beds of the Browns 
Park formation observed by the writer occur about half a mile east of Cedar Mountain (Forti- 
fication Butte in the old reports). The moimtain itself is about 20 miles east and 6 miles north 
of the canyon and is composed of the Browns Park formation protected by a capping of basalt. 

^ Powell, J. W., Report on the geology of the eastern portion of the Uinta Mountains and a region of country adjacent thereto, p. 168, 1876. 
« White, C. A., op. cit., p. 601. 
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In 1878 White ^ maintained that the Browns Park formation could not be of later date than 
Pliocene Tertiary. In the course of his argument he said: 

Furthennore, a remarkably extensive flow of basaltic trap, covering a large r^on which lies mainly to the eaet. 
ward but which formerly extended much within the limits of this district, took place after the deposition of the Uinta 
group [referring to the Browns Park formation] and also after it had suffered displacement and erosion, to some extent 
at least. This is known to be the case because the trap is found resting upon the unevenly eroded surface of a portion 
of the Uinta group at Fortification Butte. 

In the field season of 1913 the writer succeeded in finding a portion of the sandstone resting 
upon the basalt at Cedar Mountain and on examination found the sandstone to contain nimierous 
rounded masses of the basalt, indicating that instead of being all much older than the basalt, 
as White had supposed, it is really in part younger. The fact that deposition of some sandstone 
beds occurred after the formation of the basalt indicates that the Browns Park formation may 
have been much thicker than has hitherto been supposed. The elevation of the Browns 
Park formation on Cedar Moimtain is about 860 feet higher than that of the highest Car- 
boniferous beds exposed at the canyon where Yampa River cuts through the north end of 
Juniper Mountain. The Browns Park formation is also from 800 to 1,000 feet higher than 
the tops of the ridges across which Yampa River has intrenched its meanders in the rocks of 
the Mesaverde formation east of Juniper Mountain. 

As previously stated, the conspicuous portion of the Uinta fold terminates in northwestern 
Colorado, but in line with its axis to the east there is a long, gentle anticline which reaches the 
foothills of the Park Range and which is commonly known as the Axial Basin anticline. Upon 
this anticline have been developed two distinct uplifts — Junction Mountain and Jimiper Moun- 
tain. If Yampa River is antecedent its present course must have been established prior to the 
uplift which resulted in the formation of the Axial Basin anticline and the Junction Mountain 
and Juniper Mountain uplifts, and it must have lowered its channel through Junction and 
^Juniper mountains and intrenched its meanders down through the Mesaverde formation east 
of Juniper Mountain while the beds were being uplifted into their present position. But atten- 
tion has already been called to the fact that during and after the period of upheaval sediments 
many thousand feet in thickness were eroded almost to a common plane. After the period of 
erosion the region was submerged and many hundred feet of additional sediments were laid 
down. Powell,* in his table of the groups of sedimentary strata of the Plateau province, gives 
the thickness of the Browns Park "group" as 1,800 feet, while White* gives it as 1,200 to 1,800 
feet. If Yampa River was antecedent to the formation of the Axial Basin anticline and the 
Jxmiper Mountain and Jimction Mountain domes, its channel from the east end of the Uinta 
Mountains to a point as far east as Cedar Mountain — a distance of about 50 miles — would 
obviously have been completely buried by Browns Park sediments. The river, therefore, could 
not have maintained its channel, and it is beyond the boimds of probability that, after cutting 
through the Browns Park sediments, it should have reestablished itself in its original bed and 
discovered its old canyons through Junction and Jimiper mountains. 

The distribution of the Browns Park formation and the altitudes at which the beds have 
been observed make it very probable that the upper beds of the formation were suj£ciently 
high to cover to a considerable depth all that portion of the Juniper Mountain uplift which is 
traversed by the canyon, as well as the Cretaceous beds down through which the river has 
intrenched its meanders. This probabiUty is strengthened by the wide distribution throughout 
northwestern Colorado and southern Wyoming of beds which have not yet been definitely 
correlated with the Browns Park formation but which bear a similar relation to the underlying 
Cretaceous and Tertiary beds. 

i White, C. A., Report on the geology of a portion of northwestern Colorado; U. S. Geol. and Geog. Survey Terr. Tenth Ann. Kept., p. 38, 1878. 
> Powell, J. W., Report on the geology of the eastern portion of the Uinta Mountains and a region of country adjacent thereto, p. 40, 1876. 
s White, C. A., On the geology and physiography of a portion of northwestern Colorado and adjacent pcuts of Utah and Wyoming: U. 8. OeoL 
Survey Nhith Ann. Rept., p. 686, 1889. 
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THE INORGANIC CONSTITUENTS OF ECHINODERMS. 



By F. W. Clarke and W. C. Wheeler. 



INTRODUCTION. 

In a recent paper * on the composition of crinoid skeletons we showed that crinoids contain 
large quantities of magnesia, and that its proportion varies with the temperature of the water 
in which the creatures hve. This result was so novel and surprising that it seemed desirable 
to examine other echinoderms and to ascertain whether they showed the same characteristics 
and regularity. A number of sea urchins and starfishes were therefore studied, their inorganic 
constituents being analyzed in the same manner as those of the crinoids. The specimens for 
analysis were carefully selected by Mr. Austin H. Clark, of the United States National Museum, 
to whom our thanks are due 

SEA URCHINS. 

The following sea urchins were chosen for analysis: 

1. Strongylocentrotus drobachiensis (0. F. Mdller). Upemivik, Greenland, latitude 72° 48'' N. 

2. Strongylocentrotus fragUis (Jackson). Albatross station 2946, off southern California. Latitude 33° 58'' (XK^N., 
longitude 119° W W W. Depth of water, 274.5 meters; bottom temperature, 13.6° C. 

3. E^iwmu^nius parma (Lamarck). Coast of New England. 

4. Encope cali/omica (Verrill). Galapagos Islands, on or near the Equator. 

5. Lytediinus anamesus (H. L. Clark). Albatross station 2938, off Wilmington, California. Latitude 33° 35^ 
ly^ N., longitude 118° 08^ Sf/^ W. Depth, 86 meters; bottom temperature 15° C. 

6. Loxechinus albus (Molina). Port Otway, Patagonia. Latitude about 46°-47° S. 

7. Tetrapygus niger (Molina). Coast of Peru. 

8. Tretoddaria affinis (Philippi). Albatross stations 2316 and 2317, off Key West, Florida. Latitude 24° 25' N., 
longitude 81° 47'' W. Depth, 85 meters; bottom temperature 24° C. 

9. HeterocerUrotris mammiHatus (Linn^). Low or Paumotu Archipelago, southern Pacific Ocean. Latitude 
between 14° and 24° S. 

In the following analyses the loss on ignition covers carbon dioxide, water, and organic 
matter, the last item being often large. The deficiencies in summation are due to undeter- 
mined sea salts, adherent to or inclosed by the specimens. The CO3 needed is calculated to 
satisfy the bases. 

Analyses of sea vrchins. 
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Rejecting the excess of volatile matter and recalculating to 100 per cent, we have the 
following composition of the inorganic constituents of the seven sea urchins of the preceding 
table: 

Revised analyses of sea urchi7^s. 
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Sea urchins Nos. 8 and 9, Tretocidaris and Heterocentrotus, must be considered separately 
from the others. No. 9, a giant form, was the subject of four analyses, the shell or test, the 
dental pyramid, the small white spines on the border of the peristome, and the large purplish- 
red spines. The large red spine analyzed was 15 centimeters long and weighed 13 grams. 



Analyses of Heterocentrotus mammillatiLS. 
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Rerised analyses. 
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From these analyses we see that the inorganic constituents of Heterocentrotus are not 
uniformly distributed. The shell and teeth are alike and rich in magnesium carbonate; the 
coarser spines are much less magnesian. The composition of the entire skeleton, if it can be 
called so, would probably be somewhere near that of the red spines alone, only a little higher 
in magnesia. 

A similar example is oflFered by No. 8, Tretocidaris. In the specimen analyzed the shell 
and spines were taken separately, but the spines were dead when the urchin was collected. 
The analyses are as follows: 

Analyses of Tretocidaris affinis. 



Actual analyses. 


Revised analyses. 




Shell. 


Spines. 




Shell. 


Spines. 


HiOi 


0.11 

.15 

4.02 

45.80 

Trace. 

48.32 


0.53 

.14 

2.07 

49.79 

Trace. 

46.28 


SiOa 


0.12 

.17 

9.33 

90.38 

Trace. 


0.56 


K-< >, 


RK)» 


.15 


M i' O 


MgCO« 


4.63 


r t<> 


CaCOj 


94.66 


JM ). 


CaaPflOa 


Trace. 


I>r>^, on iLTiition 








100.00 


100 00 


( Oj li«-<><l<*d 


98.40 
44.40 


98.81 
41.41 
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Here again the spines are lower in their content of magnesia than the shell. 

In two of the analyses, Nos. 4 and 5, large percentages of silica and sesquioxides appear. 
These are due to inclosed or adherent sand and mud> which were visible in the specimens but 
not readily removable. On rejecting these impurities and recalculating to 100 per cent, the 
percentages of magnesium carbonate become 8.49 and 13.47, respectively. With these correc- 
tions, and assuming the percentages found for the shells rather than the spines in Nos. 8 and 9, 
the following table has been constructed: 

Percentage of magnetium carbonate in sea urchins. 





Locality. 


TAtitude. 


Depth. 


Tempera- 
ture. 


MgCO,. 


• 

StrongylocentrotUB dr5bachienfdR. . . 
TetraDVKua nicer 


Grwnlancl 


72°48^N 


Meters, 

(?) 
(?) 

274.5 

(?) 
85 

85 


(?) 

(? 

(?) 
13.6 

(?) 
15 

24 


Percent. 
5.99 


Peru 


(?) 


6.31 


KTmnftT^rnniufl parma 


New England 


42°-45**N 


6.61 


Strone^locentiotiiB fracdlis 


California 


33**58^N 


7.05 


I/>XeCniT|nH ftlhllB 


Pataeonia 


460-47° S 


7.27 


Lvtechinus anameeuB 


rftljfomift 


aa^as^N 


8.49 


Trptoridarifl affi^iia , , . . , , , , , . 


Key West 


24**25''N 


9.33 


Het^ror^ntTotuH HifLnrtTnillAtiifl 


Paumotu 


140-24° s 


12.30 


EncoDe califomica 


Galapaeos 


Equator 


13.47 








\ '/ 





A comparison of these figures with those found for the crinoids shows the same regular 
variation with temperature. The sea urchins from cold regions are relatively low in magnesia; 
those from the Tropics are high. There is, however, one apparent exception — the urchin from 
Peru, This abnormahty may be due» to growth in very deep water, which is almost always 
cold, or to the Humboldt current, which flows northward from the Antarctic Ocean. It is 
unfortunate that actual temperature observations are so few in this series of analyses. They 
resemble those of the crinoids very closely, except that the latter seem to average somewhat 
higher in magnesium carbonate. More analyses are needed to determine the fact. 



STARFISHES AND OPHIURANS. 

Eleven starfishes, including brittle stars, were analyzed, as follows: 

1. Asterias vulgaris (Packard). Eastport, Maine. Latitude 44° 55^ N., longitude 67° 00^ W. 

2. Asterias tanneri (Venill). Albatross station 2309. Latitude 35° 43^ 30^^ N., longitude 74° 52^ W. Depth, 
102 meters; bottom temperature not given. 

3. Asterina miniata (Brandt). Pacific Grove, California. Latitude 36° 36^ N., longitude 121° 55^ W. 

4. Leptasterias compta (Stimpson). Albatross station 2250. Latitude 40° 17^ 15^^ N., longitude 69° 51^ 45'^ W. 
Depth, 86 meters; bottom temperature, 10.8° C. 

5. Benthopecten spinosus (Verrill). Albatross station 2568. Latitude 39° 15^ W N., longitude 68° 08^ W W. 
Depth, 3,249 meters; bottom temperature, 2.7° C. 

6. Luidia dathrata (Say). Near Charleston, South Carolina. Latitude 32° 4il^ N., longitude 79° ^^ W. Depth, 
between 2 and 22 meters. 

7. AcantJiaster pUmd (Linn^). Palmyra Island, in the Pacific Ocean, westof south from Hawaii. Latitude 5° 49^ N. 

8. Gorgonocephalus arcticus (Gray). Off Cape Cod, Massachusetts. About latitude 42° N. 

9. Gorgonocephalus caryi (Lyman). Alaska. 

10. Ophioglypha sarsii (Ltitken). Albatross station 217.6. Latitude 39° 32' 30^' N., longitude 72° 2K 3(/^ W. 
Depth, 553 meters; bottom temperature, 5° C. 

11. Ophioderma cinereum (MttUer and Troschel). Ensenada Honda, Culebra Island, east of Porto Rico. Latitude 
18° 20^ N., approximately. 
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The last locality is in or on the edge of the equatorial current. The AJhairoBS stations were 
all fixed on cruises between Cape Hatteras and Nantucket. The analyses are as follows: 

Analyses o/starfiahes. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


10 


11 


SiOi 


0.45 

.21 

2.59 

36.71 

.07 

60.18 


0.79 

.56 

3.83 

38.61 

.24 

54.89 


0.03 

.20 

3.98 

36.85 

.14 

57.64 


1.21 

.48 

3.06 

30.35 

.13 

63.91 


2.06 

.79 

3.93 

40.54 

.11 

51.66 


0.27 

.36 

4.89 

41.30 

.14 

52.03 


0.19 

.14 

4.36 

33.18 

.07 

62.07 


1.77 

.62 

3.36 

36.13 

.22 

55.72 


1.06 

.72 

2.82 

29.80 

.32 

63.37 


0.98 

.53 

3.99 

42.14 

.29 

50.95 


0.21 


R«Oi 


.09 


lieO 


5.80 


CaO 


41.32 


p^» 


.07 


Loss on idltion 


61.58 






COi needed 


90.21 
30.84 


98.81 
34.30 


98.84 
33.06 


99.13 
27.08 


99.09 
35.94 


98.99 
37.70 


100.01 
30.81 


97.82 
31.65 


98.11 
26.80 


98.88 
37.29 


99.07 
38.79 







Revised analyses of starfishes. 



* 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


SiOi 


0.64 

.30 

7.79 

91.06 

.21 


1.01 

.70 

10.28 

87.44 

.57 


0.03 

.27 

11.24 

88.06 

.40 


1.94 

.77 

10.27 

86.57 

.45 


2.47 

.94 

9.88 

86.42 

.29 


0.32 

.42 

12.13 

86.77 

.36 


0.27 

.20 

13.33 

85.99 

.21 


2.39 
.84 

9.53 

86.60 

.64 


1.77 
1.18 
9.71 
86.18 
1.16 


1.15 

.62 

9.84 

87.66 

.74 


0.24 


R-Oi 


.12 


McCOi 


14.11 


CaCOt 


85.34 


CacPiOi 


.19 








100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



In the following table the analyses are arranged in the order of ascending magnesium car^ 
bonate, like those of the sea urchins: 

Percentage of magnesium carbonate in starfishes. 



Asteiias vulgaris 

Gorgonocepnaliis arcticus 
Gor^nocephalufi caryi . . 

Opmoglypha Bandi 

Benthopecten spinosus. . 

Leptasterias compta 

Asterias tanneri 

Asterina miniata 

Luidia clathrata 

Acanthaeter planet 

Ophioderma cinereum. . . 



Locality. 



Eaatport 

Cape Cod 

Alaska 

Station 2176.... 
Station 2568.... 
Station 2250.... 
Station 2309.... 

California 

Charleston 

Palmyra Island 
Culebra 



Latitude. 



44*»5y N 
42** ± N. 

(?). 

39° 32' N 

39° 15' N 

40° \r N 

35° 43' N 
36° 36' N 
32° 47' N 
5°49'N. 
18°20'N 



Depth. 



Meiers. 



I 



Temper- 
ature. 



MgCO, 



Per cent. 

7.79 

9.53 

9.71 

9.84 

9.88 

10.27 

10.88 

11.24 

12.13 

13.33 

14.11 



CRINQIDS. 

In order to make the comparison between the three groups of echinoderms more com- 
plete, two additional crinoid skeletons were analyzed, as follows: 

1. Zygometra microdiscus (Bell). Am Islands, near the western tip of New Guinea. Latitude 5°-6° S. 

2. Chhrometra rugosa (A. H. Clark). Near Rotti, Lesser Sunda Islands. Latitude 10° 39' S., longitude 123° 40' E. 

Depth, 520 meters. 

Analyses ofcrinoids. 



Actual analyses. 



Revised anplyses. 



SiOj 

RiOa 

MkO 

CaO 

PfOs 

Loss on ignition 

COs needed 




97. So 
34.47 



0.05 


.23 


3.99 


42.72 


Trace. 


51.69 


9<i-68 


37.95 



SiO,.... 

R,03... 
MrCO,. 
CaCOj.. 
CasPsOs 



ao5 

.62 
13.37 
85.48 

.48 



2 



ao6 

.27 

9.87 

80.80 

Tnoe. 
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Combining these data with those given in our paper upon the crinoids, we have the fol- 
lowing table: 

Percentage of magnesium carbonate in crinoids. 



Genus. 



Heliometra 

Plomachociinus. . 

Ptilociinus 

Anthometra 

Psatiiyrometra.... 

Hathrometra 

Florometra 

Chlorometza 

Bythocrinus 

Fentametrociinns 

Hypalocrinus 

MetacrinuB 

Parametra 

Ptilometra 

IsocrinuB 

Catoptometra 

Crinonietra 

Tropiometra 

EnaoxocrinuB 

Pachylometra 

Craspedometia. . . 

Capmaster 

Zygometra 



Locality. 



Northern Japan . . . 

Antarctic 

British Columbia. . 

Antarctic 

Northern Japan. . . 

Maasachufietts 

Washington 

Rotti 

Gulf of Mexico 

Southern Japan. . . 
Philippine Islands 
Southern Japan. . . 
Philippine Islands 

Australia 

Cuba 

Philippine Islands 

Cuba 

Brazil 

Cuba 

Philippine Islands 
Philippine Islands 
Philippine Islands 
Aru Islands 



Latitude. 



43^ N ... 
67^ S.... 
52** 3r N 
67^ S.... 
44** N . . . 
39*» 56' N 
47^29'N 
10** 39^ S. 
28** 38' N 
34^N ... 
9^ 37' N . 
30^ 58' N 
9*> 15' N . 
33^ 15' S. 
24^ N . . . 
8**N.... 
23^ lO' N 
25*» 54' S, 
24^ N . . . 

8**N 

5*>12'N. 

6*»N 

5°-^^S.. 



Depth. 


Temper- 
ature. 


Meters, 


**C. 


315 


L5 


375 


-L8 


2,858 
375 


L8 
-1.8 


(?) 
329 


L6 

7.8 


1,145 


3.3 


520 


(?) 


255 


? 


1,123 


3.4 


612 


10.2 


278 


13.3 


502 


12 


i5! 

104 
59 


(?) 
(?) 

(?) 
26.2 


iS! 


f?! 


1,044 
32 
36 


(?) 
(?) 
(?) 


(?) 


(?) 



MgCO,. 



Per cent, 

7.28 

7.86 

7.91 

8.23 

9.25 

9.36 

9.44 

9.87 

10.09 

10.15 

10.16 

10.34 

U.08 

11.13 

11.56 

n.68 

n.69 

1L77 

n.79 

12.20 

12.34 

12.69 

13.37 



The percentage of magnesium carbonate in Chlorometra is low for the latitude of the 
locality; but that is doubtless due to the depth of the water (520 meters) in which the ciinoid 
lived. The probable temperature at that depth was between 7® and 10° C. 

generaij considerations. 

From the evidence now available, it seems almost certain that the inorganic constituents 
of any echinoderm wiU have the composition of a moderately magnesian limestone. There 
may be exceptions, but none has yet been found. The three tables, for crinoids, sea urchins, 
and starfishes, all tell the same story, and with remarkable unanimity. Furthermore, the 
proportion of magnesium carbonate appears to be a function of temperature, the organisms 
from warm regions being richer in it than the cold-water forms. The exceptions to this rule 
are apparent rather than real; for cold or warm currents and varying depths of water account 
for all seeming irregularities. The sea urchins seem to be a little poorer in magnesia than 
either of the other groups, but the analyses are fewer and therefore less conclusive. Silica and 
sesquioxides are probably altogether extraneous, although it is possible that small quantities 
of them may really belong to the organisms. In phosphate of lime the starfishes are richest, 
and all the specimens analyzed contain it in small amounts. Whether it is an essential con- 
stituent or not is uncertain. As shown by Meigen's reaction, aU the echinoderms studied are 
calcitic, and no evidence of aragonite in them was found. 

The temperature regularity shown by the analyses offers an interesting biological problem 
with which we can not undertake to cope. It is not due to differences of composition in the 
solid matter of sea water, for that is practically uniform all the world over. In all the great 
oceans, and even in minor bodies of water hke the Mediterranean, the Baltic, and the Black 
Sea, the proportion of magnesia to lime is very nearly if not actually constant. In gaseous 
contents and especially in carbon dioxide the waters vary; the gases being more soluble in 
cold than in warm water. Whether this fact has any relation to the phenomenon under dis- 
cussion we can not attempt to say. We can only report the facts and leave their biological 
discussion to others. 
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On the geological bearing of the evidence now before us it is easy to speculate; but here 
great caution is needed. It would be unwise to assume that magnesian sediments are more 
abundantly deposited in warm than in cold climates, and so to develop a system of what might 
be called paleoclimatology. Against such an attempt there are two obvious reasons. First, 
the sediments are only in small part derived from echinoderm remains. Other agencies are 
more important in the formation of marine limestones. Secondly, a dense population, so to 
speak, of cold-water organisms may deposit much more magnesia than a sparse population of 
warm-water forms. The data now in hand, with all their suggestiveness, are too few to warrant 
any far-reaching generalizations. It is our intention to carry the investigation still further, 
studying other marine invertebrates by the same methods as those which we have followed 
here. If other analysts choose to enter this field of research, their results will be welcomed 
by us. 
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stratigraphy of 95-153 

Monzonite porphyry, character of 20 

Moscow Landing, Ala., Cretaceous-Eooene contact at 162-163 

N. 

New Albany, Miss., Cretaceous-Eooene contact near 160 

O. 

Oak C^reek canyon, Utah, generalized section along, figure showing. 55 

Old (Canton Landing, Ala., Cretaceous-Eocene contact near 162 

Olivine. Su Augite vogesite and Basalt. 

Ophiurans, analyses of 193-194 

Osbom, H. F., cited 107,152 

Ouray limestone, occurrence of, in Piedra Valley, Colo 50 

Overlap in the Gunnison Valley, Colo 40-44 

P. 

Palmer, Chase, Mineralogy of waters ih>m artesian wells at Cbarlee- 

ton, 8. C 90-94 

Peale, A. C, cited 108,111 

Penrose, R. A. F., Jr., cited 170 

Piedra Valley, Colo., stratigraphy of 42-44 

Pirsson, L. v., cited. 30 

Pitchblende, occurrence of, in foreign oountries. 1-3 

occurrence of, in United States 1 

origin oL 5 

Pontotoc, Miss., Cretaceous-Eocene contact near 160 

Potholes in Midway formation, in Maverick County, Tex., plate 

showing 168 

Powell, J. W., cited 184,186 

Q. 

Quartz Hill, Colo., geology of. 3-6 

pitchblende at 1 

Quartzite, distribution of, in the Canyon Range, Utah 54-^ 

R. 

Ragged Point, Md., changes in 10 (PL m), 13,15 

Roemer, Ferdinand , cited 160-170 

S. 

San Juan Mountains area, Colo., stratigraphy of 42-44 

Soooba, Miss., Cretaceous-Eocene contact near. 164-166 

Sea urdiins, analyses of 191-193 

Selma chalk and Midway group, contact between, platea showing. 162 
Sevier Canyon, Utah, Lake Bonneville beds at mouth of, plate 

showing 56 

Sharps Island, Md., changes in 10(PI. HI), 11,15 

Shuqualak, Miss., Cretaceous-Eooene contact near 166-167 

Spai&h Peaks, Colo. , relations of, to Apishapa quadrangle 17, 

18 (PI. IV), 29 

Stanton, T. W., cited 155 

and Hatcher, J. B., cited 99,107-108,152 

Starfishes, analyses of 193-194 

Starkville, Miss. , Cretaceous-Eooene contact near 167-168 

Stebinger, Eugene, The Montana group of northwestern Montana. 61-68 

Stephenson, Lloyd William, A deep well at Charleston, S. C 69-94 

The Cretaceous-Eooene contact in the Atlantic and Gulf Coas- 
tal Plain 155-183 

Stose, G.W.,aid oL 17 
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T. 

Page. 

Talbot formation, distribution and character of 9 

Tilghman Island, Md., changes In 10 (PI. Ill), 12, 16 

Tingnaite and anglte minette dike, occurrence and character of. . 20-21 

Troy, Ala., Cretaceous-Eocene contact near 161 

Two ICedidne formation, exposure of, on Two Medicine River, 

Mont 63 

Two Medicine River, ICont., section on 61-62 

U. 
Uinta Mountains, how formed 183 

Unoompahgre formation, distribution of, in Pledra Valley, Colo . . 50 

Uranium, sources of, in United States 1 

Utah, uranium in 1 

west-central, reconnaissance in 51-^0 

Uvalde County, Tez.,Oretaoeous-Eoc9ne contact in 176-177 

V. 
Vaugban,T.W., cited 155,159,170-171 

fOBsHs determined by 177,179 

VirgeUe sandstone, exposure of, on Two Medicine River, Mont.. . 62-63 
Vogesite, hornblende augite, azudyses of 25 

occurrence and character of 24 (PI. VI), 24-26 

See dao Auglte vogesite. 



W. 



Wahalak, Miss., Cretaceous-Eocene contact near. 164-166 

Water analyses, interpretation of. 91-92 

Wheeler, W. C, and (Tlarke, F. W., The composition of crinoid 

skeletons 33-37 

and (Clarke, F. W., The inorganie constituents of echino- 

derms 191-196 

White, C. A., cited 185,187 

Whiteaves,J. F.,cited 107 

Wilcox or Midway time, sandstone of, in Maverick County, Tex., 

plate showing 173 

Wood mine, Colo., pitchblende from 4, 4 (PI. I), 5 (PI. II), 5 

Y. 

Yampa River, Colo., course of 184,187,188 

history of part of 183-189 

map showing part of 184 

Yates, Charles, aid of. 8 

Z. 

Zavalla County, Tex., Cretaceous-Eocene contact in 176-177 

Zinc, occurrence of, in the Canyon Range, Utah 59-60 
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